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Chapter 1
Spacecraft Charging Effects

Spacecraft surface charging is the buildup of net electric charge—and therefore an
electrostatic potential—on the external surfaces of a spacecraft due to incident particles
with energies in the kilo-electron volt to tens of kilo-electron volts range. A
geosynchronous spacecraft charges when the vehicle encounters a region of enhanced
plasma associated with a magnetospheric substorm. These enhanced plasma “clouds™
have typical particle energies of | to SO keV. Large, low-altitude, polar-orbiting
spacecraft charge when they pass through regions of auroral activity. Smaller spacecraft
in low-altitude, polar orbits, can charge due to multibody interactions, if they are near a
larger spacecraft while passing through an aurora.

Two types of spacecraft charging are of concern. Absolute charging is the development
of a potential of the spacecraft frame relative to the surrounding space plasma.
Differential charging is the change in the potential of one part of the spacecraft with
respect to another. Differential charging may produce strong local electrical fields that
can give rise to discharges.

Spacecraft in geosynchronous orbit charge up to tens of kilovolts. The SCATHA
satellite demonstrated that differential surface charging on spacecraft during substorms is
associated with discharges and operational anomalies. In one event, potential differences
of more than 9.5 kV were measured on the satellite [Koons et al., 1988]. At the same
time, 26 pulses were detected by the Transient Pulse Monitor. Seventeen of the pulses
exceeded the maximum instrument level of 7.4 V. Coincident with the discharges were
three anomalies including a two minute loss of data. A survey of nine vears of SCATHA
data shows a correlation between the current of particles with encrgies in the tens of
kilovoits, the development of surface differential potentials in excess of 100 V. and
clectrostatic discharges [Koons and Gorney, 1991].

A few severe charging cvents have been observed in the auroral region. During 1983,
instruments on board the Defense Meteorological Satetlite 7 (DMSP 7) observed an
absolute potential of -800 V [Gussenhoven et al., 1985). Since then a few events with
higher potentials—up to ~1.2 kV-—have been observed. No anomalies have been
associated with any of the observed charging events. However, theory predicts that the
larger spacecraft of the future will develop even higher potentials.

Multibody intcractions can cause or enhance surface charging if two electrically
isolated spacecraft, such as the shuttle and an astronaut during extra-vehicular activity
(EVA). ar¢ near cach other while in a high encrgy (keV) plasma. Since multiple
spacecraft have oaly been lowe in low equatorial orbits (LEQ) where high energy




particles do not occur naturally, charging due to multibody interactions has not been
observed.

As shown in Figure |, surface charging causes problems for operational spacecraft.
Differential charging can lead to significant potential differences between adjacent
surfaces, which can lead to discharges. The discharges are rapid pulses typically of many
amperes for nanoseconds to microseconds. A pritnary effect is the occurrence of
electronic switching anomalies, which can be triggered by differential charging related
discharges. The discharge induced transients can cause system failures and, potentially.
material damage. A more common anomaly is a phantom command, requiring
intervention from the ground, and possibly resulting in loss of data and/or expendables,
thus shortening the operational lifetime of the spacecratft.

. INSULATING
METALLIC BODY BOOM

PROYECTIVE
KAPTON
BLANKEY
BEING ERODED

SENSOR

ANTENNA
PARVICLE CAN HAVE
DETECTOR EMI FROM
DISCMARGES

Figure |.  The effects of spacecraft surfuce churging include EML. surfuce degradation. und
contamination from discharges, disruption of panticle meusurements, und eahanced uttraction
of contaminating ions,

Surface charging can cause increased levels of contamination, resulting in changes in
surface characteristics. Spacecraft surface charging can enhance contamination in two
ways. Fiest, charged contaminants are attracted to oppositely charged surfaces. Some of
the contaminants that would otherwise drift away from the spacecraft are attracted to the
charged surfaces and impact at higher energics where chemical bonding is enhanced.
Sceond, the material eapelied during a discharge can be deposited on other surfaces.

Contamination on surfaces with special properties. such ax lenses. can destroy the
special properties. Higher temperatures may result from aliered surface oplical propertics.
Churging characteristics may change due to changes in secondury and photoeteciton
yiclds. Deposition of diclectric contaminants can also change surface conductivity.

And finally. surfuce charging on spacecralt can bias plasma mcasurenwents of the space
cavironment.

The extent to which these effects interfere with the spaceeraft mission varies from
spacecraft to spacecraft and charging episode to charging episode. it was in the carly
1970 that spacecraft began to expericnce anomalics, and in one case failure. that
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appeared to be spacccraft charging related [Stevens et al., 1987]. The early 1970s is when
computer-level logic in electronics subsystems was first introduced. The more sensitive
electronics could be upset by transients that did not affect the electronics on earlier
spacecraft. As electronics become more sensitive, precautions become more important.

The process of charge accumulation on spacecraft surfaces is understood, and
techniques have been developed to minimize the associated problems. NASA developed
the Design Guidelines for Assessing and Controlling Spacecraft Charging Effects, which
describes the understanding of the problem at that time and suggests techniques to avoid
problems associated with spacecraft surface charging [Purvis ct al., 1984]. Computer
codes have been developed to assist designers in the design of spacecraft with minimal
surface charging effects.

The first line of defense against differential charging is minimization of the area of
surfaces that arc insulators or floating conductors. This localizes the problem and reduces
the amount of charge that can be rapidly discharged. (Sometimes the potential differences
are larger when the areas are smaller, but the total charge and energy stored is smaller.)
Careful attention to the design of the parts of the spacecraft where discharges are
expected reduces the risk further. Shiclding and filtering protect the circuitry from the
EMI resulting from any remaining rapid discharging.

For some applications, the reduction of surface charging (both differential and
absolute) either by using surface materials with high secondary electron emission, passive
charge control, or by using a plasma emitter, active charge control, is necessary.

Over the past 10 years, concern has arisen regarding charging on low-altitude, polar
orbiting spacecraft due to auroral precipitation. The 2 m DMSP spacecraft has been
observed to charge to —1.2 kV and a 10 m spacecraft could charge to -10 kV. Auroral
charging differs from geosynchronous charging in that charging currents tend to be much
higher, the vehicle is in a charging environment for only seconds, and the charging rate
and the potential reached depend on the vehicle size. In addition, 2-body and wake effects
can become important, and differential charging between vehicles such as a shuttle and an
astronaut during extra-vehicular activity (EVA) is of concern. The assessment of a low-
altitude, polar orbiting spacecraft design for possible charging-related problems requires
the consideration of more complicated interactions and the use of different computational
tools and environments than for gcosynchronous spacecraft. In addition, low-altitude,
polar orbiting spacecraft need to work well while in the equatorial regions.

The work of the early 1980s, which provides spacecraft designers with tools to reduce
the number and severity of surface charging associated anomalics, lecaves some questions
unanswered. With the miniaturization of components, modern spacecraft are more
vulnerable to EMI, so stricter requirements are needed.

This handbook was developed to address some of these concerns. It addresses auroral
charging and provides updated information on geosynchronous charging when available.
This handbook focuses on verification. Examples are provided of (1) calculational
techniques to evaluate the expected cffects of a spacecraft design and (2) experimental
techniques to test immunity to spacecraft surface charging effects,

Chapter 2 is a review of the scientific issucs of concern in spacecraft surfuce charging.
Chapter 3 describes the components of a spacecrafl surface charging control plan,



Chapter 4 summarizes the techniques used to avoid spacecraft surface charging problems.
Chapters S and 6 provide the heant of this handbook. Chapter § provides step-by-step
analyses of four different spacecraft. The computer fiies needed to perform pant of the
analyses are in Appendix C. Chapter 6 describes the types of experimental tests that may
be nceded and some of the pitfalls that may be encountered. Appendix A is a general
discussion of the environments found in the geosynchronous and auroral region.
Appendix B is a discussion of the surface material properties that can affect surfaces.
Appendix D is an example of analysis done in connection with discharge testing.




Chapter 2
Review of Spacecraft Charging

2.1 The Spacecraft as a Floating Probe

One way to understand the physics of spacecraft charging is to think of a spacecraft as
a Langmuir probe in its local, ionospheric plasma. The Langmuir probe is the most basic
instrument uscd in laboratory plasma experiments. It is used to measure the density and
temperature of a plasma. Typically. it is a small metal sphere or long wire whose
potential is swept through a limited range of voltages while the current to the probe is
measured. The current is due to charged paiticles from the plasma impinging upon the
sphere. When the sphere potential is very positive compared to the kinetic energy of the
plasma, only electrons are collected. When the sphere potential is very negative, only ions
are collected. Between these two cxtremes, there is a potential at which the ion current
exactly balances the electron current, so that the current to the sphere is exactly zero. This
potential, at which the net current is zero, is called the floating potential. Because, at a
given energy, electrons move rapidly compared with ions. the floating potential is
normally negative a few times the plasma kinetic energy. If the wire to a probe is cut. the
probe rapidly achieves the floating potential.



When probe is very positive,
it only attracts electrons.

1
! @ When probe is very negative,
. it only aftracts ions
i
]
]
i
@ At some potential, the probe
attracts an equal number of
1 the wire is cut, slectrons and ions.
the probe adjusts to
the floating potential

{

tigure 2. A Langmuir probe attracts electrons and/or ions from the surrounding plasma depending on its
potéthial. The floating potential is the potential at which no net current flows.

In space, since there is no way for a continuous current to flow, the plasma particles
rapidly charge the spacecraft to a few times the electron energy. The difference between
the laboratory Langmwir probe and a spacecraft immersed in a magnetospheric substori
or an aurora is that the electron cnergies are a few volts in the laboratory and can be tens
of thousands of volts in space. Laboratory floating potentials are typically negative a few
volts; in space, potentials as high as —19 kV have been observed [Whipple, 1981].

There are two models of current collection from a plasma. They are referred to as
orbit-limited and space-charged-limited. Orbit-limited current collection is appropriate
when the potential has a range larger than the largest impact parameter and is sufficiently
well behaved so that no angular momentum barriers exist. Potentials that vary more
slowly than with the inverse of the radius squared satisfy these conditions, At
geosynchronous orbit, the plasma is so dilute that little shielding occurs and the
spacecraft potential drops roughly as the inverse of the radius, At lower altitudes, where




the plasma is denser, current collection is space-charge-limited. The space charge of the
attracted particles shiclds the atteacting potential and thus limits the range of the potential.

Figure 3 illustrates orbit-limited current collection. In a high energy, low density
plasma, the electron current exceeds the ion curreat and the vehicle charges negatively.
As the potential becomes negative, the electron current diminishes because not ali the
clectrons have the energy to overcome the potential. H the plasma has roughly a
Maxwellian distribution of energies, the electron current decreases exponentially with the
negative potential.

For a Maxwellian Plasma: —ere e

n, = density 8 =temperature Vin ?
Repelied Species Is Energy-Limited: b
lo=12e*® for electrons i

a

Attracted Species Is Angular
Momentum-{imited:

k =|§’(1 _%’.) for ions

™Jer .al For Current Baiance:

0
¢Eeln[" ]s —gem[ﬂ]

0
le Mg

Figure 3. Orbit-limited collection of ions based on canservation of angular momentum.

Additional ions are attracted to the spacecraft as the potential becomes more negative.
For the very low density plasma in the magnetosphere, angular momentum limits the
collection of ions. The maximum impact parameter from which ions are coliected is that
for which the ion's collected velocity must be tangent to the spacecraft to conserve
energy.

The balancing of ion and electron currents predicts a floating potential on the order of
a few times the plasma temperature. Since the electron current diminishes exponentially
and the ion current increases linearly, the principai effect of the potential is to decrease
the electron current.

Figure 4 illus:-~tes space-charge-limited current collection. Current coliection by a
spacecraft in a plasina with a Debye length of the order of the spacecraft size is space-
charge-limited. As the spacccraft charges negative, the additional ions collected shicid
and thus limit the range of the potential. To model spacecraft charging in an ionospheric
plasma with densities greater than about 10° m ¥, space-charge-limited collection models
shouid be used.
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Figure 4.  Space-charge-limited collection of ions.

2.2 Charging Environments

Two regions, geosynchronous altitudes and the auroral regions, have plasma
conditions where the plasma energy is high enough to charge spacecraft to kilovolts or
higher. Figure 14 shows where these regions are located with respect to Earth’s size and
the radiation belts. At geosynchronous altitudes, spacecraft charge when enveloped in a
“plasma cloud” injected during a magnetic substorm. These plasma clouds have particle
densities of the order 10° to 10’ m™ and energies of 1 to 50 keV. For calculational
purposes, measured fluxes can usually be fit by a Maxwellian or 2-Maxwellian
distribution function. Under quiet plasma conditions, particle densities are of the order
10* m* with energies of the order | eV. Substorms typically occur every few hours, so the
conditions for tens of kilovolt charging at geosynchronous orbit occur frequently.
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Figure 5. There are two regions where the electron energies can be kilovolts to tens of kilovolts.

The energetic clectrens that charge fow-altitude, polar-orbiting spacecraft in the
auroral region are those that gencrate the aurora borealis. While of similar origin to
substorn, efectrons in the magnetosphere, the auroral electron fluxes can be as inuch as a
hundred times as intense. Some of the enhanced intensity comes from the convergence of
the magnetic field lines as they approach Earth’s poies. Measured fluxes can be fit well
using the analytical form suggested by Fontheim et al. [1982].

Severe environments that car. be used for design calculations are in Table | [Cooke,
private communication; Cooke et al., 1985; Purvis et al., 1984]. A more detailed
discussion of the plasma environment experienced by spacecraft is in Appendix A.
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Table 1.
Severe Charging Environments

Geosynchronous Substorm (Maxwellian for each species)

Electron number density L12x 10° m”
Electron temperature 12 keV
lon number density 236 10° m*
lon temperature , 29.5 keV
lon species Hydrogen

Auroral (Cold Single Maxwellian for both species and Fontheim Electrons)
lon and cold electron number density 3.55x 10’ m”
lon and cold electron temperature 0.2 eV
lon species Oxygen
Energetic Maxwellian coefficient 6 x 10° m’
Energetic Maxwellian temperature 8 keV
Power law coeflicient 3x 10" m*
Power law exponent 1.1
Power law cut off, low 50 eV
Power law cut off, high 1.6 % 10° eV
Gaussian coefticient 4x10* m”
Gaussian centered about 24 keV
Gaussian width 16 keV

The environment to which spacecraft are exposed consists of more than the plasma
environment. Neutral particles, electromagnetic radiation from the sun, high energy
charged particles, debris, and meteoroids all affect spacecraft. The atomic oxygen found
at low altitudes can erode surface materials and affect the charging characteristics.
Incident sunlight generates a photocurrent. Ultraviolet light can change surface
characteristics. High energy charged particles can deposit charge in insulators. This deep
charging can interact with surface charging to generate discharges that would not occur if
charge had not been deposited by both mechanisms, [Garrett et al., 1990] Debris and
meteoroids erode surface coating. Atomic oxygen, debris, and meteoroids have densities
of concern only at the lower altitudes.

2.3 Charging Currents

Spacecraft are designed for purposes other than acting as plasma probes.
Consequently, the interpretation and prediction of the spacecraft potential are
complicated due to the complex geometry, multiple surface materials, and the absence of
an casily accessible reference ground. Each insulating spacecraft surface interacts
separately with the plasma and is capacitively and resistively coupled to the frame and
other surfaces. Rather than a single loating potential, there can be a different one
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associated with cach surface. Computing surface potentials for a spacecraft is a
considerably more complex problem than computing the potential on a conducting,
spherical probe.

As shown in Figure 6, currents other than incident clectrons and ions should be
included. Kilovolt electrons generate secondary electrons and can be backscattered
(reflected) from surfaces. Kilovolt ions also generate secondary electrons. The current
density of low-energy electrons generated by solar UV emission is much greater than the
natural charging currents. Because of this, most absolute spacecraft charging has been
observed during eclipse, when the spacecraft is in the shadow of the Earth.

- Electrons

«+——— |ons

‘”M. Photons

Secondary, Backscattered,
Photo Electrons

Figure 6. Several currents contribute to the net cutrent to a spacecraft surface.

At equilibrium, each spacecraft surface is at a potential such that the net current to the
surface is zero. The net current to cach surface is

lNr:T:lr:‘ls.'i-,"lu‘ll“’lm“lv“ll (1)

where the symbols have the following meanings.

I, Elcctron current to surface

I, lon current to surface

I,  Secondary electron current due to I,

I Secondary electron current due to ||

I,  Backscattered electron current due to I,

I, Photoclectron current

I, Current to adjacent or underlying surfaces.

Each of these currents is a function of the spacecraft geometry and velocity and the
plasma conditions.

To get a feel for each of the terms in this equation consider the current to a negatively
charged isolated sphere in a Maxwellian plasma in the orbit-limited current collection
regime. The electron curreat is given by




L.=en\[ €0 v (2)

2nm,

where ¢ is the electron charge, n is the plasma density, 9 is the plasma temperature, m, is
the electron mass, and ¢ is the surface potential. The ion current is given by

_ e _g_)_)
g en\[;nmi( 0 ®

The interactions of the incident electrons and ions with the spacecraft surfaces have a
profound effect on floating potentials. The most important process is secondary electron
emission [Katz et al., 1986). Because secondary electron yields are so high for many
surface materials, the spacecraft floating potential is often positive! As seen in Figure 7,
for electrons with energies between 50 eV and 2 kV, more than one secondary electron is
emitted for every incident clectron from a material such as kapton. This results in a
positive charging current. Only when the electron energies exceed several thousand volts
does the spacecraft charge negatively. Backscatter yields are less than unity and vary little

with energy. lon-generated-secondary electrons enhance the ion current and act to reduce
absolute charging levels.

where m; is the ion mass.

l —
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Figure 7. Electron-generaled-secondary electron yield, backscatter yield, and proton-generated-
secondary electron yield for kapton.

The photoelectron current for sunlit surfaces is of the order of 2-4 x 10* A m” for
4 . .
most spacecraft surfaces. The current to the undérlying and adjacent surfaces depends on
the surface and bulk conductivitics and the geometry.

The computer code Matchg was used to compute the various contributions to the
current to both a kapton sphere and a silver sphere immersed in the severe substorm
environment. The currents are shown in Figures 8 and 9. (See Appendix C. Section C.4
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for additional information on these calculations.) As the net current to the kapton sphere
is zero at -22 kV, the floating potential is ~22 kV. As is shown in Figure 8, at low applied
potential, the electron current, which drives the charging. is 3 X 10° A m~, half of which
is immediately canceled by secondaries and backscattered clectrons. As silver generates
more secondary and backscattered electrons, the silver sphere’s equilibrium potential is
lower. lon-generated-secondary electrons effectively triple the incident ion current.
Because of the secondaries and backscattered electrons, current balance is effected
equally by diminishing the electron and increasing the ion currents. Because the incident
electron spectrum remains Maxwellian, electron-generated secondaries and backscattered
electrons remain a constant fraction of the incident current as the spacecraft charges. The
ion-generated secondaries increase compared with the incident ion current because the
energy of the ions increases as the spacecraft potential becomes more negative. lon-
generated-secondary electron yields peak for ion energies of several tens of kilovolts.
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Figure 8.  Curremt versus voltuge for u kapton sphere in a severe substorm environment. The floating
potential is -22 kV.
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Figure 9. Current versus voltage for a silver sphere in a severe substorm environment. The floating
potential is ~-5.8 kV.

The different conditions of substorms and aurora means that the important
contributions to the net current in these two regions are different. Figures 8 and 9 show
that charging of geosynchronous spacecraft is dominated by the balance of the incident
electron current with the sccondary electrons (from incident electrons and ions). Figure
10 shows the current versus voltage for the various currents that contribute to the
charging of a I-meter kapton sphere moving at mach 8 {orbital velocity in low-Earth
orbit) in the severe auroral environment. The dominant currents are the space-charge-
limited ram ions and the incident electrons. Figure 11 illustrates the difference between
these two regimes. Charging of large objects in low-altitude, polar orbit is detenmined by
the balance of the net auroral flux and the space-charge-limited ion flux. These spacecraft
leave a substantial ion depleted wake. The lower ion density in the wake region means
less ions are available to neutralize the built-up negative charge. The comparison (shown
in Table 2) between the potentials calculated ignoring space charge with those calculated
including it show more thun an order of magnitude difference. The space-charge-limited
result agrees with observation. (Sce Appendix C, Section C.2 for additional information
on these calculations. ) '
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Figure 10. Current versus voltage for a F-meter kapton sphere moving at mach 8 in a severe auroral
environment. The floating potential is -230 V.

Figure 11, The charging of geosynchronous spacectafl is detetmined by the dalance of the substorm
clectrons und the secondary clectrons. The charging of tarse yacecraft in the autoral cegion is
deterimined by the balince of the tet suroral Qus and the space-charge-dimited ion thux.
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Table 2.
Equilibrium Potentials Calculated by suchgr
Orbit-limixed_’ Space-charge-limited
Sphere radius I'm 0m
Much velocity 0.001 8 0.001 8
Kapton 9V -550v 230V -5400 V 2900 vV
Silver SV 250V 99V -3100 vV -1600 VvV

2.4 Differential Charging

The electrons associated with surface charging penetrate less than a micron into the
spacecraft skin. Because of this, surface coatings play a large role in determining
spacecraft potentials. While the time to achicve net current balance is very short, the
order of a millisecond. the tinwe for each surface to achieve its own equilibrium potential
is thousands of times longer. The development of differences between the potentials of
different surfaces is referred to as differential charging.

Figure 12 shows mechanisms for the development of differential potentials. Different
materials have different equilibrium surface potentials because the secondary and
backscatter yield coefficients are different. This effect can lead to potential differences
between neighboring surfuces. The ground potential of the spacecraft depends on the
uverage propertics of the spacecraft surfaces. Each surface charges differently from
spacecrafl ground. The difference between the surfuce potential of a diclectric and the
potential of the underlying conductor is another source of differcntial potentials.

Sz RO s oy Tae KT oL 2L IL.

|\ ST

Figwe 12, Ditterental patontials due 1o dilforonoss i seoandary cotioien jrapertics.
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The rate of absolute charging is determined by the capacitance of the spacecratt o
infinity, while the rate of differential charging is determined by the capacitance of the
dielectric layer. The rate of change of the potential on a sphere is given by

@)

where 1 is the current to the sphere, J is the current density to the sphere surface, and R ix
the sphere radius. For a 1-meter sphere and a net current of | pA m™, the sphere begins to
charge at a rate of 100 kV s '. Ax the potential on the sphere increases, the net current
decreases, as can be seen in Figure 8. Therefore, the charging rate decreases with time.
The rate of change of the differcuce in potential across a diclectric layer is given by
d¢ Jd

— 20 ev—

dt £, (s)

where d is the thickness of the layer. A l()() pm layer (4 mil) with the same incident
current density charges at a rate of 10 V s . Theretore, differential charging takes placc
10* times more slowly than absolute charging.

Figure 13 shows the equilibnum potential contours calculated by the camputer code
Nascap of the NASCAPAGEO codes for a silver quasi-spherc of radius 3.5 m with a S mil
thick kapton coating over half of the surfaces exposed to the severe substorm
eavironment of Table 1. (See Appendix C. Section C.3 for additional information on this
calculation.) The surfaces with the kapton coating are those facing the bettom, the lefi.
and the rear. Figure 13 shows the time history of charging of this sphere, In | second the
cntire sphere charges to 18 kV. After 1 300 seconds (25 minutes), a differential potential
of 1 kV has developed. By 100.000 scconds (2B hours), the equilibrium potentials of
~22.5kV on the kapton and ~10.9 kV oa the silver are reached. A thinner kapton wa:mg
- would chnrge slower. :
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Figure 13.

! 1. 2. 3 4 S 8. 7 8 9 10 N 12, 13 14 15 . 17,
X-ANS
-225E404 < CONTOURLEVELS < -5.80E«03 AT POTENTIAL INCREMENTS OF DP » 1.00E+03
100 <X «1700, 1.00<Y < $7.00, CUTPLANE OFFSET Z= 9.00

A 3.5 m radius quasi-sphere. half kapton and half silver. exposed to a severe geosynchronous
environment develops different potentials on the surfaces coated with different materials. The
contour levels are at | kV increments. The kapton surfaces charge to —22.5 kV, and the silver
surfaces charge to ~10.9kV.
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Figue 14, Tune history of the poteatial of the quani-spbsre shown i Figure 13,

The same sphere in the severe avroral envirenment charges similarly. Figure 15 shows
ihe equilibrium potential contours caleulated by the computer code nterak of the POLAR
codes for a 3.5 m radius silver quasi-sphere with a kaplon coating over half of the
surfoces exposed to the severe auroral environment of Table 1. (See Appendix C, Sevtion
C.4 for further information on this calculation.) The surfaces with the kapton coating are
those facing the boitom, the left, and the rear. Figure 16 shows the time history of
charging of this sphere. In under o hundvedih of a second the entite sphere charges 1o <14
kV. In 13 seconds a diffecential potential of 1 kV hax develeped. ln 60 seconds (1
minute). the surfaces have reached thei equilibvium poteatial of 2.8 kV for the ka;xaa
surfaces and -1.0kV for the silver suifaces (and spacecrall ground) :
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Figure 15. A 3.5 m radius quasi-sphere, half kapton and half silver, exposed to a severe aurorul
environment develops different potentials on the surfaces coated with different materials. The
kapton surfaces charge 10 -2.8 kV, and the silver surfaces charge to 1.0 kV. The sheath
surface is marked with an “s.”
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Figure 16.  Time history of the potential of the quasi-sphere shown in Figure 15.

Photoelectron current densities are about 2-4 x 10° A m™, typically an order of
magnitude greater than incident electron currents, even before secondaries are taken inte
account. As a resuit, in sunlight, high absolute potentials are rarely observed on
spacecraft. However, in an intense substorm, spacecraft surfaces st-adowed from the sun
slowly charge to thousands of vaclts negative, while the suntit surfaces remain a few volts
positive. This process can lead to differential charging as illustrated in Figure 17. High
differential potentials can develop between shaded and unshaded dielectrics. And high
differential potentials can develop betweea shaded dielectrics and spacecraft ground. The
sun-shade interface, and the differential potentials, shifts location through the year Asun’
- angle that does not cause a problem in one season can in another.

Sunlight

33

" Photoemission

No photoemission
in shaded ragions

Figure I7.- Ditferentinl charging between shaded and unshaded surfaces in sunlight

Sualight differential charging can lead to high spacecraft ground potentials when the
low energy photoelections can not escape from the spacecraft because of potential
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barriers (Fahleson, 1973; Mandell et al., 1978]. Typically, the saddle point is driven by
the balance of photo and secondary electrons and has a height of a few volts. All the
surfaces then charge negative at a rate corresponding with differential charging, typicaily
a few hundred volts per minute. Figure 18 shows the development of a barrier and the
subsequent charging. Figure 19 shows the time history of the ground potential and the
surface potential on the sunlit and dark sides. The sunlit side starts out a few volts
positive. The dark side charges negatively. After a half second, the dark side is at -8 V
and the sunlit side at 3 V. A potential barrier of 1 V has developed. The potential barrier
grows until the photoelectrons cannot escape. Once the photoelectrons cannot escape, the
entirc space charges. Sunlight charging is a multidimensional effect calculable only by
modeis that include the 3-dimensional geometry of real spacecraft.
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Figure 18.  Formation of & barrier. Potentials about a sunlit kapton quasi-sphere at 0.024 s, 0.5 s, and at
equilibrium. The sun is in the upper right-hand comer.
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Figure 19. Time history of surface potentials and spacecraft ground on the sunlit kapton quasi-sphere.
Charging of spacecraft ground occurs on the differential charging time scale due to the

formation of a barrier. The final ground potential of -18 kV is reached after 1000 s (17
minutes).

As illustrated in Figure 20, during aurora, low-altitude, polar-orbiting spacecraft can
develop differential potentials between the ram and wake sides of a spacecraft. The ram
side of the spacecraft has a much higher ion current than the wake side, which must pull
in the ions around the spacecraft. Figure 21 shows potential contours for a kapton quasi-
sphere of radius 3.5 m moving at mach 6.7. The ions reaching the wake side of the
spacecraft are attracted from the sheath edge. In this calculation a low potential region
develops on the wake side of the sphere due to the focusing of ions due to the high
symmetry. The ground potential is 650 V, the surfaces in the ram are at -1 V, the
surfaces in the center of the wake side are at -100 V, and the peak potential on the wake

side is -840 V. The same quasi-sphere with a mach velocity of 0 has an equilibrium
potential of -1.9kV.
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Figure 20. During aurora on low-altitude, polar-orbiting spacecraft. differential potentials can develop
between the ram and wake sides of a spacecraft.
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Figure 21.  Kapton quasi-sphere in an auroral environment with a rum flux from the positive Z direction.
The ground potential is —644 V, the surfaces in the rum are at -1 V, und the highest potential
surfaces are at -850 V. The low potential region on the wake side of the sphere is due to the
focusing of the ions due to the high symmetry.
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Figure 22.  Time history of the surface potentials of the kapton sphere shown in Figure 21.

Table 3 summarizes typical parameters of the geosynchronous and auroral plasmas
relevant to surface charging.

Table 3.
Parameters Typical of Spacecraft Charging
| ._.Quntity | Mugnetosphere | Aurorul
Charging plasma density i m' 0t m’
Charging electron energy 1-30 keV 1-30 keV
Charging electron current 10'Am? 10°A m?
Photo current sx10Am? | sx10'Am?
Electron stopping distance 1110 107 m 110% 10" m
Tunitorm charging Wt s 10"
U DR R Y1 T

2.5 Multibody Charging

If two (or more) vehicles are involved, additional interactions may become important.
A small vehicle near a large vehicle may charge even more than would be expected
because the large vehicle accelerates the ions to higher energics. This interaction is
known as the multibody interaction in plasmas (MIP). This problem, illustrated in Figure
23, is sometimes known ax the man-in-the-wake problem because it has been examined
carclully for the case of an cxtravehicular mancuvering unit (EMU) near the shutile in
low-ultitude, polar orbit. [Hall et al.. 1987; Jongeward et al., 1986] Auroral electrons
charge both the shuttle and the EMU. The shuttle collects fons from the ram current. The
ambicnt density is high enough that collection is space-charge-limited. The EMU sees an




ion current of ions accelerated by the shuttle. When exposed to the environment measured
by DMSP/F7 during an intense aurora on November 26, 1983, the shuttle will charge to
more than -3 kV. The EMU charges even more to pull in ions. Because of material
property differences, parts of the EMU charge to higher and lower potentials.

Figure 23. The charging of a small body near 2 large body is controlled by the balance of auroral
electrons and ions accelerated by the potential of the Yarge body.

2.6 Arcing

The primary mechanism by which charging disturbs spacecraft is through discharges.
The rapid discharging of surfuces. or arcing. can disrupt operations, disturb
measurements, damage instruments, or dwnage spacecralt surfaces. The mechanism for
triggering discharges is an active ficld of investigation. Measurements made in the
laboratory produce results that cannot be extrapolated to on-orbit spacecraft. Pant of the
problem is the impossibility of adequately simulating the space environment, the
spacecraft, and their resultant interaction. Some examples of this inadequacy are the
breakdown thresholds, area scaling, and satellite response. It is observed that in space.
discharges occur on spacecraft when the calculated and measured potentials and electric
fields are lower than those needed to generate discharges in typical electron beam
laboratory experiments. Measuréments made on uniform, small dielectric samples find
that the discharge cument scales directly with the square root of the sample area and the
fraction of charge blown-off by the discharge is cssentially constant for each diclectric
type [Balmain, 1979). Large sample measurements that include lapped and buited seams
of materials present in real spacecralt thermal control surfaces differ from the uniform,
small sample results [Wilkenfeld ot al.. 1981). Analysis of ground based discharge
esperiments on high voltage xolar arvays deteemided that the measured discharge current
pulse was an artifact of the simulation process und did amt represent the real discharge
pulse [Stevens et al., 1990).
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Even though the present understanding about dischaiges is not complete, there are
some well established data, plausible analytical treatments, and useful criteria that can be
employed in predicting the location and frequency of discharge. Flashover discharges
occur when a layer of neutral gas atoms that has been generated by electron stimulated
desorption, breaks down under the local electric field stresses caused by differential
potentials of spacecraft diclectrics [Grey, 1985; Hastings et al., 1989]. This type of
discharge frequently occurs at the edge of a dielectric next to another surface, at cracks in
dielectrics exposing conductors underneath or at exposed conductor-cover cell interfaces
in solar arrays. The typical field strengths required for flashover is 2 X 10° V m~! [Grey,
1985], which is an order of magnitude below that for dielectric breakdown

Breakdown of dielectrics also provides discharge paths for spacecraft dielectrics.
Dielectric breakdown results from the bulk failure of the dielectric material. Two of the
theories of dielectric breakdown are (1) that the energy stress produced by the charged
surface potentials exceed the binding energy of the molecules that make up the matenial,
causing rupture of the bonds and loss of the material, and (2) that field enhanced electron
emission provides electrons that generate cascades and heating until material vaponizes.
Dielectric failure most often occurs at impesfections or dielectric weak points. Dielectric
failure at an imperfection usually appears as a pinhole through the diclectric and is
referred to as punchthrough. Localized material breakdowns are also observed in trapped
charge layers of diclectrics aubout 1| pm below the dielectric surface. These bulk material
failures appear as channels or tunnels just below the dielectric surface and are
accompanied by surface damage where the channels penetrate the surface. The typical
field strength of diclectrics is 2 x 10" V -,

Blowoff is a large scale discharge phenomenon occurring at the surfuce of the
diclectric and sometimes extending over the entire vacuum-dielectric interface. Several
models have been proposed for the primary mechanism that initiates blowoff discharges.
One of the most promising is a recent surface discharge model by Stettner and DeWald
[198S]. The essential idea of the Stettner-DeWald surface discharge model is that the
intense electric field on the boundary of the charged and discharged region of dielectrc
surfaces accelerates ions into the surface. fons with the neoeskary velocity and angle to
the surface cause kinetic emission of elecirons resulting in discharge of the surface. The
incident tons also cause sputtering of surface atoms and ions. Newly created ions are also
accelerated into the surface producing further discharge and movemient of the
charge/discharge boundary further into the diclectc's charged region. The initial ions for
the Stettner-DeWald model may come from the fons in the ambicni plasma or fons
desorbed by the incident electrons. A vaniation of the Stettner-DeWald discharge model
termcd the localized plasma sheath model has been proposed by Krauss [1988) to
overcome some of the shortcomings of the inn surface discharge model. The ion surface
discharge model and varianis are prorising in that they explain most of the observed
teatures of large scale dicleciric discharges and are supported by recemt surface discharge
megsurements [Levy et al.. (991). Unfortunately, a detenmination of their validity and
usclulness for determining where and how witen discharges blowoll discharge occur
require further theoretical and experimental wovk.



2.7 Coupling

The discharge process gives rise to replacement currents flowing on nearby conductors
such as the conductive layer on the underside of the dielectric. The replacement current
restores potential equilibrium in the diclectric as the surface is discharged. All discharge
processes can induce significant replacement current on nearby conductors as the charge
propagates across or away from the surface. For discharges from punchthrough and
flashover, the replacement currents are confined to the local arca. Blowofi discharges
however produce replacement currents that can be global. The local effect of
punchthrough is illustrated by a small dipole model for the punchthrough arc whose

curreat as a function of the distanrce r from the discharge point is [Woods and Wenaas,
1985)

I=1

L

- o

(6)

where d is the dielectric thickness and |, is the peak discharge cument. Usually d is much
less than ¢ for typical satellite system component dimensions. The current amplitude from
discharges with local charge motion then falls rapidly with distance from the point of
discharge. Thus for satellite systems, the primary replacement current source of interest
for diclectric discharges is that duc to blowefT discharges because of its large area of
coverage.




Chapter 3
Spacecraft Surface Charging Effects
Protection Program

Each spacecraft program should have a Spacecraft Surface Charging Effects Protection
Program. This program will take a different form for cach project. The central point of
each Spacecraft Surface Charging Effects Protection Program ix that the phenomenon of
spacecraft surface charging must be considercd along with all other physical phenomena
refevant to the design and operation of the spacecraft.

A good Spacecraft Surface Charging Effects Program is a necessary component of
spacecraft design, construction, and operation to achieve the objectives of the spacecraft
mission, Appropriate measures are taken to reduce or eliminate surface charging related
effects that could interfere with the mission. Charging considerations are included in
every step of the design and construction process. The carlier in the design process that
protection measures ae included, the cheaper it is (o incorporate them. Spacecraft surface
charging profection measures sometimes conflict with other design considerations. The
good Spacecraft Surfave Charging Bifects Program insures that these potential conflicts
are identified and resolved early in the design process. when it is still relmmly cheap 0
fuake changes.

A good Spacecralt Surface Charging Effects Program coatinues throughiout the dexign.
construction, and doployment of a spacecraft. As changes are made in the design, and as
constryction. progresses, spacecrafi-charging-related hazards can be inadvertently

introduced. The use of a good program, throughout the process, insures that such hazards

are identificd and mitigating actions are taken. Dixcuscion of spacocraft suifaee charging
conceras during design reviews and a final export examinalion are part of the contiauing

Tt basics of a good Spaccoraft Surface Charging Effects Progeaim are (1) desiga and
build following general guidelings that insure no détrimental charging related effects, (2)
use analysis to examine all exceptions, (33 use testing to confirm the analysis and insure
that mitigating mcasurcs are adequate, and (4) continue the progtam through dwga
changm. constiuction, and doployiment.

3.1  Develop a Plin

The furst step in any project, frem a paper airplane (o a space talion, is to develop a
plan. A componeat of the plun for a spacccrafl program is the Spacccraft Surface
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Charging Effects Protection Program Plan. The protection plan takes its lead from the
overall spacecraft program plan. The basic spacecraft mission, the vanious subobjectives,
the level of importance attached to each, the resources available, and the project
complexity determine the nature of the protection plan. The protection plan for a high
profile, large budget, complex spacecraft program will be a deliverable document that
calls for several reports, formal reviews, and extensive analysis and testing to confirm ali
decisions. The protection plan for a fow budget, piggyback mission will be an internal
document that calls for several informal reviews, few formal reviews, and analysis and
testing to the same levels of confidence that other phenomena are exmmned (unless the
mission is to study spacecraft chasging or related effects.)

For all spacecraft programs, the Spacecraft Surface Charging Effects Protection
Program Plan should be a written document. To be effective, the protection plan must be
followed. If the original protection plan becomes unworkable during the program, the
protection plan must be amended so that it can be used. The protection plan specifies the

role of each of the protection program cosx.poacnts and specifics about how each of the
wmponems. will be completed.

32 Design and Build Following General Guidelines

The first line of defense against spacecraflt surface charging related problems is o
design and build the spacecraft using the known techniques of using conductive
materials, grounding, shiclding, and Gltering. These techniques, and a few others, are
susarnarized in Chaprer 4 of this document. A detailed dizcussion of the basie design
techniques to minimize surface charging effects is in Chaptor 3 of Design Guidelines for
Assessing and Comtralliag Spacecraft Charging Effects [Purvis et al., 1983).

3.3  Analysis

All protection programs include some analysis. The type and exteat of analysis depend
on the speciite spacecralt and ifs raission. The peotection program plan should include an
analysis plan. An analysis <hould be done af each stage of the design process. The bulk of
the analysis cffort should focus on those aspocts of the spaccerali desipn where a tadooit
between the ideat design from a surface charging point of view and the ideal design for
another consideration nceds to he made. A quaniification of the specific sk dmplifies
the process of finding altcraative solutions or deciding that the risk is acceplable.

Chapter § Jiscusses the vanious aspects of an analysic program aad bow (o do the
accessary calculations.



3.4 Material Testing

Various properties of the surface matenals used on spacecraft affect the surface
charging. These properties are the secondary emission yield, the backscarter yield, the
photoelectron yicld, the conductivity (for insulating surfaces). the dielectnic constant. and
the thickness. A discussion of these properties is in Appendix B.

The conductivity and thickness of insulating coatings may need to be nicasured o
confirm that the coating conforms to the general guidelines for surface matenals.

Values for all of the propertics for cach material are needed to calculate the charging
characteristics ov a spacecraft. Literature values are often available and data basex of
properties exist. (Many are proprietary.) Whenever adequately accuvate values are not
available from previous measurements, new measurements are reeded. Section 6.1 of this
document discusses how some of these measurements would be performed. The testing
plan is past of the protection program plan.

35 Grounding—Construction Details and Testing

The continuity of the spacecrafl ground depends in large part on construction
techniques and care in handling. The methods to be used to electrically connect spacecrafl
components should be specified ax pant of the protection program, Thermal blankets are
often coated with a conducting paint. This paint layer can be bnle. Ground continuity
often depends on a simall contact area. The protection program should specify the
handling techniques to be uséd to insure ground continuity.

Testing is oflen necessary lo insure that gmund continuity s established and
maintained. The texting plae is part of the protection peograim plan. A dmussiaa of the
naumdagmu&ugmm:sm&cuwb}ofwﬁdmum

3.6 Discharge Testing

Usually. there are one or thore locations on the spacecialt where analysix determines
that discharges might occur. Discharge tecing should be done for thess sites. The texting
plah ix part of the protoction prograin plan. Section 6.4 of this document discusses the
types of discharge tests available and discusses ote Wiw test in dcwl :

37 Desagn Reviews

Al each spaccerafl desigh review. the slalus of the prolection frogram and any
charging conceras should be included. Documentation of spaceeraft surface charging
related analysis and testing should be included in roguired sepiits and presentations.
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3.8 AsBuilt Documentation

To evaluate an on-orbit anomaly to determine if it was caused by surface charging.
vecords of how the spacecraft was actually built are necessary. Generally, the actual
spacecraft construction differs from the original design in at least minor ways. Records of
all aspects of the space vehicle construction relevant to spacecraft surface charging
should be maintained by the manufacturer. These records include summaries of all the
protection program analyses, descriptions of all the tests. and all the test results. A
summary of the expert examination described below and phetographs of the space vehicle
including close ups of all instrumesnts and booms is part of these records. These records
should be kept for a: least five years after launch or a year after the end of the mission,
whichever is longer. Copies of these records should be available to anyone examining an
on-orbit anomaly. ‘

3.9 Expert Examination

The space vehicle should be examined for spacecraft surface charging characteristics
as part of the preparation for launch. Multiple examinations may be necessary if there ane
several instruments that are to be deployed on orbit. A writien summary of this
- examination should be prepared. ‘

3.10 Operational Guidelines

Occasionally operational guidelines are appropriaie to the minimization of surface
charzing related effectc. A sensitive instrument might be wmed off when a substorm is
detected. I such guidelines are contemplated. their effect on the spacecraft design shoutd
be considered carly in the design process. : o

3.11 Mouitor Charging

All spacecraii should include a deviee to monitor the specteutn and density of the e
plasma and the occutrence of xpaccerafl surface charging. The infosmation gained from
such moniloning aot oaly assicts in the analysis of wny anomalies that occur, but also is

- .. nevied for the determination of the nisk to fulure spavcerall, The Compact Eavitoamental

Anomalics Scasor Experiment simant detectos sysicm under developincst is such a device.
3.12 Anomaly Analysi

To improve the design and construction ol fulure spacecraft. anomalics that occur
should be analyzed to detenuiae if surface chargiag is implicaied. The resulis froim such
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analyses should be made available to all those involved in the protection of spacecraft
from surface charging related effects.




Chapter 4
Summary of Desirable Design Features

The first defense against spacecraft surface charging related problems is the spacecraft
design. The basic design techniques to minimize surface charging effects are described in
Chapter 3 of Design Guidelines for Assessing and Controlling Spacecraft Charging
Effects {Purvis ct al., 1984]. They are summarized below in Section 4.1. Some other

commonly used and not so commonly used design techniques are discussed in Section
42.

4.1 Standard Design Techniques to Minimize Surface Charging
Effects on Spacecraft

The primary method to reduce surface charging related problems is to make all exterior
surfaces conducting and ground them. In those instances where insulating surfaces or
ungrounded surfaces are needed, the arca should be minimized. Grounded conducting
surfaces do not charge differentially with respect to each other and therefore discharges
(due to this mechanism) do not occur. On a well-grounded spacecraft, the remaining areas
of insulating or ungrounded surfaces may develop large differential potentials. Small
areas can only store a small amount of charge. A rapid discharge or arc releases only a
smali amount of energy, causing less damage than a larger discharge.

All spacecraft conducting elements with surfaces exposed directly to the plasma
environment should be tied by an electrical grounding system so that the DC resistance
between any two points is less than or equal to 0.1 Q.

All thin conducting surfaces exposed to the space plasma environment shouid be
electrically grounded to the common spacecraft structural ground so that the DC
resistance between the surface and the structure is less than or equal to 10 Q. A thin
conducting surface is a conductive coating on a dielectric with a thickness of less than 10
um. Thin conducting surfaces include. but are not limited to, all metallized surfaces of
multilayer insulation thermal blankets, metallized dielectric materials in form of sheets,

strips, tapes, or tiles, conductive coatings, conductive paints, conductive adhesives, and
metallic grids or meshes.

_ The number of ground points on each thin conducting surface should follow the
following prescription:
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Surface Area Number of Ground Points

Under 1.0 m? 2 or more

101040 m’ 3 or more
Greater than 4.0 m’ 1 per m’

Additionally, any point on a thin conducting surface should be within 1 m of a
grounding point.

All exterior surfaces of the spacecraft should be partially conducitve. For a grounded
partially conductive coating over an insulating material, the surface resistivity shouid not
exceed 10° ohms per square. For partially conductive coating over a grounded conductor,
the thickness times the volume resistivity should not exceed 2 X 10° Q em’.

Where it is impractical or undesirable to implement the above conductivity, thickness,
or grounding requirements, analysis, supporting by testing, should be used to insure that
spacecraft performance will not degrade below the specified capabilities.

The way to reduce the extraneous signals and potential damage to electronic
components from discharges is to provide shielding and filtering for all sensitive
componenis. The use of shielding and filtering increases the spacecraft weight. If the
desirability of shielding and filtering is considered in the original design process, it is less
likely that maintaining the continuous shield and including filters will conflict with other
requirements.

The basic spacecraft structure should be designed as a Faraday cage with a minimum
of openings. A Faraday cage is an electromagnetically shielded enclosure, here the
conductive metallic structure of the spacecraft. All electronic cables, circuits, and
components should be provided with EMI shielding to attenuate radiated fields of
frequencies from 1 MHz to 100 MHz from discharges by at least 40 db. The shielding can
be provided by the basic spacecraft structure, by enclosures of electronics boxes, and by
separate cable shielding. Analysis should be used to carefully examine any breaks in the
shielding to insure that the spacecraft performance will not be degraded below the
specified capabilities.

All circuits routed through the EMI shielding should be protected by electrical
filtering. The filter should be rated to withstand a peak transient voltage of 100 V and a
peak transient current of 200 A. The filtering criteria should be chosen to eliminate
discharge-induced upsets and not interfere with normal operations.

4.2 Other Design Techniques to Minimize Surface Charging
Effects on Spacecraft

Often it is desirable to have an insulating coating over some spacecraft surfaces. These
coatings differentially charge when exposed to a severe substorm or severe auroral
environment. If the coating is thin enough, the rate of differential charging is so slow that
the substorm is over before the potentials are high enough to trigger a discharge. For a
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geosynchronous spacecraft, 10 microns is usually thin enough. For low-altitude, polar-
orbiting spacecraft, less than 100 microns may be adequate.

The choice of surface material can reduce the severity of surface charging. Teflon has
a high secondary emission coefficient (maximum yield of 3) and therefore charges less
than kapton with a peak secondary emission coefficient of about 2.1. A spacecraft coated
with conducting paint with a high secondary emission coefficient charges less than one
coated with a paint with less secondary emission.

Sometimes it may be possible to make design decisions that minimize problems. The
choice of instruments or the choice of instrument locations can influence the likelihood of
differential charging and the impact of rapid discharges. An instrument sensitive to
contamination, such as an optical lens, should be placed away from any probable
discharge sites. Differential charging risks can be lessened by avoiding placing
instruments that have surfaces with dramatically different secondary emission properties
near each other.

On spacecraft where charge control is of particular concern, a plasma emitter such as
the Charge Control System can nearly eliminate charging.




Chapter §
Analysis

A central aspect of any good spacecraft protection program is analysis of any design
features that are likely to cause problems. Early in the design process, an assessment of
these problems needs to be made. As the design process proceeds, more detailed
modeling of the features that are likely to have an impact on the success of the mission is
needed. Numerous computer codes have been developed to help in this process. A good
analysis program integrates analytic models, computer models, and knowledge of the
spacecraft mission to determine if spacecraft surface charging effects will interfere with
the spacecraft mission.

Figure 24 graphically illustrates the analysis process. The questions in Figure 24 must
be asked of each surface of the spacecraft. Different parts of the process are more
important at different stages in the design process. Different people are usually involved
in the various determinations. The process can be used to examine the entire spacecraft, a
specific instrument, or a small region of concern.
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Y ; thickness, backing, and
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. 4 / field
Compare values with
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v l trajectory models
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Figure 2. Approuch to analysis of u spacecruft for spucecraft surfuce churging problems. The rectangles
give questions that an unalysis addresses. The paratlelogrums give the input needed. The ovals
give the technique for analysis,
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This chapter uses examples to illustrate how each of these juestions might be
answered. The focus of the discussion is on those aspects of the analysis that are more
complex and less widely known. The examples are simplified, but the process is that used
in actual spacecraft charging analyses.

Often the most time-consuming part of an analysis is locating information on the
design to be evaluated. The other major difficulty in analysis is thc determination of the
appropriate way to model the various features of the spacecraft :ncluded in the examples
are some discussions of techniques used. In practice, each person doing analysis develops
techniques for the type of analysis she or he does. The discussion in tnis chapter is not a
substitute for experience, but can be a help to those wishing te expana their capabilities.

5.1. Determining the Amount of Charging Expected

Substorm frequency,
: duration, and strength;
Surface properties,
thickness, backing, and

4
{-——( Charging models J/ location

How likely is the surface to
charge and by how much?

Figure 25.  The first step in any analysis of the impict of spacecraft surface charging is to determine how
much charging is likely to occur. .

The frequency and extent to which a surface charges depends on the space
environment, the surface itself, and the rest of the spacecraft. Four spacecraft are used
here to illustrate how this determingtion is made. The input and sometimes the input and
output to the computer programs veed in this analysis are in Appendix C.

A full analysis of the frequency of charging requires a series of calculations for
different environmental condi‘ions. Figure 14 of Purvis ¢t al. [1984) provides the
frequency at which different environments occur. If the specifications require a specific
potential or electric field to be less than a specific value 95% of the time and the
environment at the 5% occurrence level does nct change the potential or electric field
more than the specified value, the specification is satisfied.

The usual piastice for geosynchronous spacecraft is to examine charging for the 90th
percentile envirnment. (The severe suhstorm snvironment specified in Chapter 2.) This
cavironment ¢llows the determination of regions of concern where mitigation may be
needed. If hig ner confidence levels are needed, calculations can be done for more severe
environments. '
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5.1.1 Spinning Geosynchronous Spacecraft in Eclipse-SCATHA

Figute 26. The SCATHA spacecraft.

For a sample calculation, we use the SCATHA (Spacecraft Charging At High
Altitudes) spacecraft. The SCATHA program and spacecraft are described in the
glossary.

Stannard et al. [1982) and Katz et al. [1983] describe the charging analysis of the
SCATHA spacecraft. A sketch of the SCATHA spacecraft is shown in Figure 26.

The first step in an analysis of the charging properties of this spacecraft is to examine
the charging of the individual surface materials. The SCATHA surfaces are modeled by
|5 distinct exposed surface materials, each of which is specified by the values of {4
parameters. The surface materials are described in Table 4. When available,
experimentally measured values for parameters were used, where this was not possible,
suitable estimates based on the properties of similar materials were used.




Table 4.

Charging of SCATHA Spacecraft Materials
Material | Equilibrium Material | Modeledby
Name Potential
{vy*
GOLD 0.338 Gold plate Gold
SOLAR -18200 Solar cells, coated fused silica Solar cell coverslip
WHITEN -1230 Nonconducting white paint (STM | Kapton with enhanced conductivity and
K792) a thickness appropriate to a paint.
SCREEN -27600 SCS screen material Conducting surface that absorbs but does
not emit charged particles.
YELOWC | -21200 Conducting yellow paint Kapton properties except conductor.
PDGOLD 0.453 88% gold plate with 12% Gold except used averaged properties of
conductive black puint (STM components for atomic number and
K748 in a polka dot pattern) secondary yield peak.
BLACKC -21200 Conductive black paint (STM Kapton properties except conductor.
K748)
KAPTON -20800 Kapton Kapton
SI02 -153 Si0, fabric Silicon dioxide with appropriate
thickness, enhanced conductivity, and
adjusted dielectric constant.
TEFLON -16900 Tetlon Teflon
INDOX -18200 Indium oxide Indium oxide
YGOLDC | -19900 Conducting yellow paint (50%) | Gold except used averaged properties of
gold (50%) components for atomic number and
secondary yield peak and electron range
parameters from Feldman’s formula
with average density and atomic weight.
ALUMIN 2200 Aluminum plate Alsminum
BOMAT 0.124 Platinum banded kapton Gold except an insulator with enhanced
conductivity, average atomic number
(platinum and kapton), average
photoconductivity. The dielectric
constant and thickness for the boom
surfaces were chosen to reflect the
effective capacitance to the underlying
cable shield.
MLI2 -20600 ML12-3 and ML 12-4 susface Average of the properties of the several
materials on the ML 12 sutfaces.

*The back side of insulating materials is assumed to be grounded.

Table 4 shows the potential each of the surface materials reaches in the severe
substorm environment. (See Appendix C for the Matchg execution used to determine the
charging.) The different materials charge from O to -28 kV. Most of the materials are
conducting; as long as they are properly grounded little differential charging will occur.
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To examine the 3-dimensional charging effects, NASCAP/GEO is needed. Perspective
views of the model used in the calculations are shown in Figures 27. The NASCAP/GEO
computer codes are described in the glossary. The main body of the satellite is
represented as a right octagonal cylinder, with the aft cavity visible in the figure.
Typically, the first calculations are done with a model that reproduces the basic shape and
surface materials of the spacecraft. Models that focus on specific instruments or portions
of the spacecraft are used te evaluate specific concems as they arise. The 11.5 em grid
resolution atlows the model to reproduce actual SCATHA geometrical features extremely
well, as shown in Table S. Note in particular that the treatment of booms in
NASCAP/GEO allows the actual boom radii to be reproduced =xactly. Monopole
boundary conditions are imposed on the edges of the outermost grid, which is a
rectangular prism of dimensions 12.8 x 12.8 x 25.6 m. The zone size increases by a factor
of 2 in each of the four successive grids. This doubling of zone size, plus the
requirements that booms narallel coordinate axes and intercept mesh points in all grids
effectively force any long booms to pass through the center of the inrermost mesh.
Therefore, the model includes only the SC6, SCI1, and twe SC2 booms with the
. orientations fixed at night angles (o one another. Experiments at the ends of the SCATHA
booms were modeled as single boom segments whose radii are chosen to :eproduce the
exposed surface arca of the actual expcnmem




Fgure 20 NASCAPAGED taoddcl of SCATHA. views frioen two angles,
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Table 5.

Comparison of Actua) SCATHA Geometrical Features to 4-Grid NASCAP/GEC Model

Zone Size = 4.54 inch (11.5 em)

SCATHA Model
Radius 336inches 320 inches
Height 68.7 620
Solac array height 29 272
Beliyband height 120 136
SC9-1 expericnent 92x6x8k - 9Ix435x9]
SC6-1 boom L7 (eadius) | g

118 (length) 113.2
Surface anta 256 % 108 5q. in. 208 x 108 5. in.
Solay ansy wea 10 e LIS 8
Forwird surface area | 036 108 0.M x 108

The model also includes six distinet underlying conductors: spacecraft ground, the
reference band. and the four expesimental mountings SC2-1, §C2-2, SC6-1, and SC6-2.
Ezxch of thewe conductors can be separately biased or floated with respect to spacecralt
ground, and each conductar is directly capscitively coupled to spacecralt ground. The
values emnployed for these capucitive couplings are given in Table 6: these values were

chosen (o represent the capacitance of diclectric spacers separating the conductoss from
, Table 6,

Capacitive Couplings Employed with she SCATHA Mode!
- _ | 0 Ground (00
2 SC2:1 capevisnon ")
A $C12 1]
F $06- 1 2
$ $C6-2 0

& Refeceaceband | =~ 280

As SOLAR is the primary surface material Tor this mode), the charging properties of
SOLAR doshinate the charging of the entite spacecrsit. The SC2 sensors arc af the end of
long booms and coupled o the spacecrafl ground thwough capacitances. Their charging
propertics are dominaied by the conducting paint, BLACKC, that they are coated with.
The thermal plasma analyzer seasor is also at the end of a loag booin and capacitively
coupled to spacecrafl ground. The scasor charging i dominaled by the charging
propestics of gold. -




The potentials of interest are the equilibrivm potentials. Therefore the initial potentials
are chosen to be the expected equilibrinm potentials. The SC2 sensors start at <21 kV and
the rest of the spacecraft starts at 18 kV. The reselts can be analyzed using Termtalk

* and Contours of the NASCAP/GEQ computer codes. Table 7 shows the surface
potentiais reached after 20 minutes.
. Tuble 7.
Surface Potentials on SCATHA after 2 Minuates of Charging

Material | Conductor | Potential Reached
R - BT
GOLD ; 15200

- GOLD 4 -14MK)
GOLD -8 2663
GOLD ) 13900
SOLAR l «1564K)
WHITEN | - 15400
SCREENM | 15200

| YELOWC } 320
POGOLD ] - =15200
BLACKC ] 15200
BLACKE 2 - 2284}
BLACKC 3 22880
KaAPTON ! L2t
102 V- R
TERLON ' 15300 to 1380
INDOX i {520
YGOLOC i 18200
ALUMIN 1 S hE: )
BOMAT R 4370 10 - 1510
MLI2 L eI

| Figure 28 shows the varialion in fhe pototials of the coaductors. The spacecralt
. © eaches ils equilibrium in 14 minutes. The SC2 sensors reach neardy 23 kV. The plasmy
analyzer goes o below 5 &V and the other conducions are all abowt 14 to 15 kV scegative.
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Figure 28, Chusging of the SCATHA satellite,

There are two types of differential charging. There are differential poteniials between
the surface of an insulating surface and the underlying conductor. There are also potential
gradients along and between susfaces. The highest electric fields internal to an insulator
(due 1o the first type of differential charging) are within the kapton surfaces below the
bellybiand. Their surfuces charge to -16.4 kV und the underlying conductor only reaches
~15.2 kV. The internal ficld is ~10" V m ', The second type of differential charging
- ocours alosg the booms. For most of the leagth of the booms, the high secondary
emission coefficient of BOMAT keeps the boom surfaces af the Space potential. The SC2
sensors charge o ~22.9 and generate high ficids at the ends of the boems. The thermal
plasima analyzer might seem to be of more concern because it only charges to 4. 7kV for
a difference of 10.5 V. However the analyazer is far enough from the main body that the
potential in the space surrounding the analyzer is abour -4 kV. Figure 29 shows the
contour tevels ol the Z = 17 plase (through the center of the grid). Frva this figure it i
clear that the high fleld regivn is near the onds of the booims. Those two fegions need (o
be carelully examined W dotermine if they present any risk 1o the spaccorall sission,
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Figure 29. Contours levels of the potential at the Z = 17 plane for the SCATHA model. The booms are
not showa in the figure. The high field regions are at the end of the SC2 sensor boom:. The
thermal plasma analyzer boom extends to Y = --31. The SCI1] sensor boom extends to

Y = +49,




5.12  Three-axis Stahilized Geasynchronous Spacecraft in Sunlight

Figure 30. A typical 3-axis-stabilized spacecraft to be analyzed.

This spacecraft is cylindrical in shape and covered with kapton blankets. Second
surface mirrors on the sides are exposed. It has a large transparent antenna. It has two
large solar arrays, each about the same size as the spacecraft itself.

The spacecraft ground potential can reach high values in eclipse, but as discussed in
Chapter 2, sunlight charging can also create problems.

The first step in the analysis is to examine the charging of each surface material on its
own. The spacecraft is primarily covered with kapton blankets and paints with properties
similar to kapton. The solar array faces can be modeled as silicon dioxide, and the paint
on the solar array backs can be modeled as a lossy kapton. The large antenna is modeled
as silver. Table 8 shows the materials and the potential they reach in the dark as
calculated by Matchg. (Input and output files are in Appendix C.)




Table 8.

Charging of Spacecraft Materials

Material | Equilibrium Location on Spacecraft Modeled by
Name Potential
(kVy*

KAP3TN -20.8 | Bottom surface Kapton with higher surface
resistivity

LFALUM 0 | Arms to solar arrays and anteana | Kapton with higher conductivity

S13GLO (0 | UHF transmission antenng Nonconducting paint

FSLICA -5.84 | Solar panel faces, second surface | Silicon dioxide

mirrors on sides

BLKVEL 0 | Solar panel backs Kapton with higher conductivity

SSMESH -5.77 | Antcana Silver

KAPITN -20.2 | Base sides, solar urray patches Kapton with higher surface
resistivity

KAP2TN -17.9 | Top surface Kapton with higher surface
resistivity

EHFPRT -18.2 | EHF patch Indium tin oxide

ALUM -22.2  UHF antenna, plume shield Aluminum

CPHENL -0.045 | AKM nozzle Teflon with higher conductivity
and higher dielectric constant

*The back side of insulating materials is assumed to be grounded.

Photoemission generates enough current that if any large conducting grounded area is
exposed to sunlight, spacecraft ground remains near plasma ground. Here, the transparent
antenna is always oriented away from the earth and therefore partially exposed to the sun
whenever the spacecraft is not in eclipse. In all orientations, the transparent antenna
generates enough photoelectrons to keep the antenna and therefore the entire spacecraft
near plasma ground.

The solar panels always face the sun and remain near plasma ground. The solar panel
backs are painted with a material that does not differentially charge even in the dark.

The surfaces that develop the largest surface charging are the shaded kapton surfaces
on the top, bottom, and sides of the base. The second surface mirrors on the sides not
facing the sun also charge. The areas of concern are shaded--unshaded kapton interfaces,
shaded kapton-conductor interfaces, and shaded kapton—second surface mirror interfaces.
To examine the charging behavior of this spacecraft in sunlight and look specifically at
these areas of concern a NASCAP/GEOQ simulation is needed.

The first step of a NASCAP/GEO simulation is to develop a representation of the
spacecraft suitable for the desired calculation. (See Appendix C for the input files used.)
The mesh size of 1.5 feet is chosen so that the entire spacecraft can fit within the 17 by 17
by 33 grid. The spacecraft body is represented by an octagon of radius 6 and height 4.
The second surface mirrors are represented by | by | patches on the sides of the octagon.
The actual mirrors are smaller in area than those of the model. The antenna is composed
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of ASLANTSs and ATETs. The sides are steeper than the actual spacecraft, but the total
collecting area is similar. The arms and transmission antennas are composed of booms of
appropriate sizes. The solar arrays are modeled by thin plates. The cavity on the bottom is
included in the model because this is an area where severe charging could occur. Other
features are represented by small surfaces in appropriate locations. Figure 31 shows the

final object from the sunward and anti-sunward directions. Figure 32 shows the surface
materials.

Figure 31. NASCAP/GEO raodel of spacecraft from the sunward and anti-sunward directions.
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MATERIAL LEGEND SURFACE CELL MATERIAL GOMPOSITION AS VIEWED FROM THE POSITIVE X DIRECTION
FOR X VALUES BETWEEN 1 AND 17
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Figure 32.  Materials on the surface of the spacecraft as viewed from the +X direction.

Spacecraft ground does not charge significantly because the antenna keeps it near zero,
Therefore in the simulation, the charging sequence begins with no initia! potential. Table
9 shows the potentials reached by the various materials after 20 minutes.

Table 9.
Surface Potentials After 20 Minutes of Sunlit Charging

Material | Potential Reached
(V)

KAP3TN <6000
LFALUM -208
SI3GLO -189 10 -208
FSLICA -192 to -2930
BLKVEL -208
SSMESH 208
KAPITN <202 to -3270
KAP2TN -53 10 -967
EHFPRT <208
ALUM ' -208
CPHENL, -324

Figure 33 shows the charging rate of the shaded bottom of the spacecraft. After 20
minutes the kapton surfaces are continuing to charge. As the most severe portion of a
substorm does not last this long, this simulation period is long enough.
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Figure 33.  Surface charging rate of the bottom of the spacecraft.

The potentials computed by NASCAP/GEQO’s Nascap can now be examined for
regions requiring further analysis. NASCAP/GEO’s Termtalk and Contours codes give
the user the following information. The solar arrays and the antenna have potentials of
about -200 V. The potentiais on the body vary from about —200 V on the top to about
-1 kV at the bottom edge on the sunlit side. On the shadzd side, the insulator potentials
are over -2.5 kV. Figure 34 is a contour plot of potentials at the Z = 14 points on the grid.
The 3 kV m™ electric field is at the sun-shade interface. The regions with the highest
electric fields are in the cavity area. Exposed metal at -200 V is adjacent to kapton at
-3 kV. Figure 35 shows the contour levels at the Z = 17 plane through the center of the
object. The high field within the cavity can be clearly seen.
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Figure 34.  Potential contours at the Z = 14 plane.
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Figure 35. Potential contours at the Z = 17 plane.

If this amount of charging is a risk to the spacecraft mission, further calculations can
be done to quantify the problem more precisely.

Cavity charging can also occur on spinning spacecraft when the oricntation with
respect to the sun is such that the cavity is always shaded.
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5.13 Polar-orbiting Spacecraft DMSP

Figure 36. DMSP spacecraft.

For a sample low-altitude. polar-orbiting spacecraft calculation, we use the DMSP
spacecraft.

An analysis of the charging of the DMSP spacecraft was done by Cooke et al. [1989].
A sketch of the DMSP spacecraft is shown in Figure 36.

The DMSP spacecraft is roughly a cylinder that is about 4.5 m long and 0.9 m in
radius. The solar array is about 4 m by 2 m. The total surface area is about 45 square
meters. A sphere with the same surface area has a radius of 1.9 m. The body of the
spacecraft is covered with kapton and teflon thermal blankets.

The first step is to examine the charging of the materials in isolation. POLAR default
material properties are used for ail the surface materials. Charging is examined for a
spacecraft moving at 7.3 km 5™ (mach velocity of 6.7). The severe auroral cavironment is
used. The potentials computed by suchgr are shown in ‘lab!c 10. (See Appendix C for
output file.)




Table 10.

Charging of DMSP Surface Materials
Material Equilibrium | Sheath Radius
Potential (m)
(V)*
SOLA -491.25 9.069
NPAI -541.28 9.39
GOLD -187.5 6.429
CPAl -641.25 10
TEFL -528.75 9.312
AQUA -601.75 9.175
KAPT 64125 10
ALUM -566.25 9.545
SiLY -294.38 135 19
*The buck side of insdamg m:uemls is NOT

grounded.

Most of the surface materials charge between -S00 V and -650 V with a resulting -
sheath radius of about 9 to 10 m. The gold and the silver charge much less than the other
materials. As long as the metals are properly grounded to spacecraft ground, those -

_surfaces will not differentially charge. The larpest differentials are between the SOLA
and the KAPT. Since the SOLA is on the solar amays and theKAP’fonlhahody this
- does not present a risk.

The next step is to do 3-dimensional calculasions to examine ram -wake effecxs and
any other 3-dirnensional effects on charging. The POLAR computer codes are nceded to
mode] such effects. The POLAR codes are described in the glossary. The PGLAR model
is shown in Figure 37. The solar areays are thin plates of solar cell material on one side
and nonconducting paint on the other. The spacecraft body is wrapped in teflon and
kapton thermal blankets. The SSIE RPA is the round dixk located on the boom just abowe
uwspmaﬁ ftis too small to be modeled with POLAR.




Figure 37, POLAR aod) of the DMSP sracecraft.

. The computer code nterak of the POLAR codes was used to example the charging of
DMSP. Figure 18 shows the charging rate of a seloction of surfaces. After tOwconds.:hc
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“Bigwe 38 Surtaoe charging rale of selcsied DMSP surfaces.

The potentials computed by POLARs nterak can now be examined for regions
requiting funther analysis. The POLAR traatik and shontl codes give the user the
following information. Al the surfaces charge aegatively. The makimun potontial is
=225 kV on the sunshade. which is teflon. The highest Tields ase also in this region.

- Figures 39 are contour plots of potentisk at the center of the grid in the X and Z
dircctions. vespectively. The region with the highest electric fields is incide the area
between the sunshade and the body. In the model. this regicn is shiclded from the
cavirohment so it gels no ion cuvent and continucs to chasge negatively.
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Figure 39.  Potential contours for DMSP (a) in the constant X plane of the center of the grid and (b) in the

constant Z plane of the center of the grid.
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5.14 A Muitibody Problem-EMU Near the Shuttle
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- Figue 4. A mall spamcfaﬁ vach ax an Exvgvehicular Maneuvering Unit CBMU), neur & targe odsect,
such as the shuiile arbiizs, may charge 1 a kige powential in the auswial 2one.

An example of how the presence uf one spacecraft can affect the charging of another ix
the chiarging of 2 small ohjext near a large one during an auror. One example of this is
the operaiion of an EMU (Exiravehicular Mancuvering Unit) near ibe moch lasger shutile
orbiter. The EMU develops <urfaie poteatials comparable t those of the shuttle.

To analyze the charging. a 2-pant caledlation iz noeded. First, the charging of the large
vbject i exarmined to detenmine the appropriate enviroament of the small objoct. Secind,
the charging of the simall ubjoct is examined in the cavironment deterined by the targe

The POLAR codes are used to determing the charging of the orbiter-EMU pair in the
wvere aurosal environinent. Since the orbiter oporalies ot lower altitudes than DMSP, wic
is nol a realictic eaviroamuent for the shuttle. (At present no missions ioto the astoral zoae
are planncd Tor the <huttle orbiter anyway.) The nwdel for the calculations ix showa in
Figure 41. Although this is a crude model of the wbiter, the size and shape are simitar,
The matenia) covering the model has woooadary propertics equivalont to the shuttle white
tile thaterial and a small patch on the wake side i TEFLON to siinulate the EMU. The
computer files used in the calculatioas ade in Appendis C. :
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Figure 41.  POLAR model of shuttle used for calculations of the ion current as a function of voliage.

A series of nterak calculations is done using this model to determine the ion current
density as a function of the voltage. Figure 42 shows the current collected as a function of
voltage. The figure shows the ion current collected and the net electron current including
electron generated secondaries and backscattered electrons. The ion generated
secondaries are ignored as their contribution is small. The electron current collection
values were determined using suchgr because they depend only on the potential, the
spectrum, and the surface material properties. The voltage at which the lines intersect for
zero net current, 1.5 kV, is the equilibrium potential. If the ion generated secondaries
had been included in the calculation, the equilibrium potential would be slightly greater.
The equilibrium potentiai could also he found by letting the shuttle charge in this
environment until an equilibrium potential is reached. This process takes longer. A
cha. ging calculation gives a variation in potential from location to location. Since the
curreat to the EMU is not dependent on the small scale potential variations, these can be
ignored for this calculation.
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Figure 42.  Shuttle current collection as a function of shuttle voltage. The potential at which the electron
and ion currents are equal is the equilibrium potential.

The ion current as a function of voltage curve is used to determine the appropriate
environment in which to evaluate the charging of the EMU. The EMU environment is a
monoenergetic beam of ions with energy equal to the orbiter potential. The ions are
accelerated to the orbiter potential before they are substantially affected by the EMU
electric fields. lon collection by the small EMU is orbit-limited, with a current density for
surfaces at the orbiter potential the same as the average orbiter ion current density. This is
because a small object in an ion beam collects according to orbit-limited theory. EMU
collection is described by,

J(Ad)= J(,(l +%) )]

L3

where J is the current density on the shuttle, ¢, is the potential of the shuttle, and A¢ is
the difference between the shuttle and the EMU’s surface potential.

The next step is to evaluate the charging of the EMU in the effective environment. The
ion current collected by a negatively biased sphere in a thermal plasma is given by

}o) =J.n(l +2) (8)
0

where 8 is the plasma temperature. POLAR uses this formula to obtain the ion current to a
surface when orbit-limited current collection is requested. One approach to solving for
the surface potentials on the EMU is to do an orbit-limited current collection calculation
with an ion temperature of ¢, and an ion density such that J, equals J,. The resulting
potentials should then be shifted by , to give the true potentiais. However, this approach
gives the wrong secondary emission currents. An alternative is to use the following
approximation. Equation 7 can be rewritten as '
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30} = Jo[l +%"l}= J(f—) = Jf—(%) ~ J“&%(l +gl) 9)

where 0 is a number small with respect to ¢. The temperature is chosen to be an
appropriate temperature for the problem and the density is chosen such that

6
th =Jn$: . (10)

To evaluate the charging of the EMU, we use nterak. The model of the EMU is shown
in Figure 43. The cold plasma environment is chosen to give the correct ion collection
properties of the EMU. The temperature is 4.5 eV, which is ithe ram energy of the oxygea
ions. The approximation in Equation 9 is valid as ong as 8 is small with respect to the
shuttle potential of —1.5 kV. A density of 2.2 x 10" m™ gives the correct ion thermal
current. The calculation is done assuming orbit-limited ion current collection. The hot
electron environment is the same as we used for the shuttic charging. A mach velocity of
0 is used because wake effects are meaningless here. We use as large a grid as possible
because the grid boundary isat O V.

3
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Figure 43.  POLAR model of the EMU, two views.

We use suchgr to estimate the charging. Table 11 shows the final potentials for the
various materials. The materials LEXAN, KAPTON, and WHITEN all charge the same
(as the secondary properties are the same.) The material ALUM charges slightly more
and TEFLON, the predominant material, charges less.




Table 11.
Charging of EMU Materials As Given by suchgr

- Material Name Equilibrivm Potential (kV)
TEFLON 28
LEXAN -32
. ALUM -3.35
KAPTOM =32
WHITEN -32

Figure 44 shows the time history of the potential of the differeat materials of the EMU
as computed by nterak. Differential potentials of 450 V develop. The insulating surfaces
reach their equilibrium potentials in about 0.2 s. Spacecraft ground is capacitively
coupled with the exterior of the insulating surfaces and therefore follows the potential of
the most numerous (by far) surfaces for the first second. After about a second, the ground
potential begins to increase. This is because the few aluminum surfaces have a net
negative current to them from the environment. Eventually, spacecraft ground will reach
the floating potential of aluminum in this environment.

Time (s)
0.01 0.1 1 10 100
0 4 +— —t— -

==t Teflon

E e | @XaN

5 ~—+— Whiten

[~

]

& 90— Kapton
e Alum (Ground)

Figure 44.  Time history of the EMU surface potentials.
The field over the exterior of the EMU varies from 10¢ to 2 x 10°. The high fields are

. at the hands, heels, and face plate, the surfaces that are not modeled by TEFLON. Figure
45 shows the contour levels in a plane through the center of the EMU,
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Figure 45.  Contour levels in a plane through the center of the grid. The high fields near the face plate can
be seen in the inset.

5.1.,5 Documentation

Enough documentation of the charging analysis should be kept to allow the
calculations to be repeated. Any figures, analytic calculations, and other information that
is used to make recommendations should be kept. Frequently, decisions need to be
reassessed and it is easier to review the decision if all the information that went into the
decision is available. The material contained in this chapter and in Appendix C is the type
of material that should be kept.
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5.2 Determining the Location and Frequency of Discharges

Surface material; Amount
of stored charge; Electric
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Figure 46. Once we know the surface potentials to expect, we want to locate the likely breakdown
locations.

As discussed in Chapter 2, even though our understanding about discharges is not
complete, there are some well-established data, plausible analytical treatments, and useful
criteria that can be employed in predicting the location and frequency of discharges as
discussed below.

The criteria given in Purvis et al. [1984] for determination of expected discharge
locations are (a) dielectric surface voltages greater than 500 V positive relative to an
adjacent exposed conductor, or (b) an electric field greater than 5 x 10" Vm™ between a
dielectric and an exposed conductor. The potentials calculated using the methods
discussed in Section 5.1 can be used to determine some discharge sites. Small features,
such as edges, points, and corners can enhance the electric field. They are rarely
explicitly included in the modeling of charging. To locate high field regions due to these
types of features, the spacecraft specifications must be examined.

At present, no proven analytical method exists to determine the sites of discharges or
their frequency. To overcome the lack of definitive analytical methods, a rule structured
protocol based on the level of differential voltage has been developed by the spacecraft
charging comrnunity to determine possible discharge sites. The rules for determining the
location and charge loss of potential discharges for spacecraft dielectrics from the
NASCAP/GEQ or POLAR predictions are as follows [Frezet et al., 1988; Purvis et al.,
1984, Stevens et al., 1987):

l. Discharges are possible from NASCAP/GEO or POLAR dielectric cells whose
surface potential is 1000 V or more negative with respect to the spacecraft structure
or adjacent exposed conductors.

2. Discharges are possible from NASCAP/GEG or POLAR dielectric cells whose
surface potential is 500 V or more positive with respect to the spacecraft structure
or adjacent exposed conductors.

3. Discharges are possible from NASCAP/GEO or POLAR dielectric cells where an
electric field of § x 10" V m ! exists between the dielectric and an exposed
conductor.

71




4, The charge loss in a discharge is normally assumed to be 10%. If there is a
differential surface potential between the dielectric cell and an adjacent cell of
1000 V or larger then the charge loss is assumed to be 30%.

5.3. Determining the Severity of Discharges

Capacitance; Amount of
stored charge; Fraction of
stored energy released

{————-[ Analytic formuia J

How much energy will be
released?

Figure 47. Once we have determined that a discharge is likely at a given location, we would like to
determine how severe the discharge is likely to be.

The severity of a discharge can be measured in several different ways: the amount of
energy released. the peak current, the voltage change, or the amount of material released.

The replacement current arising from blowoff discharges has a time profile that can be
represented by a triangle or double exponential wave shape [Purvis et al., 1984]. The
peak amplitude of the wave shape, 1, depends on C, the capacitance of the dielectric cells
where discharges are possible, on V,, the voltage of the cells before discharge, on x, the
fraction of charge blown off, and on t, the half width of the discharge pulse. It is
expressed as

I,=kCV/t . (1)

The discharge half width can be estimated by the space-charge limitation time (Woods
and Wenaas, 1985] given by
(=2 \[——8 d (12)

and the pulse rise time is

L =2Rl, (13
where v, is the dielectric dependent discharge propagation velocity (typically,
3 x 10 ms'), R is the average surface dimension of the dielectric undergoing discharge
or is the radius of a 3-dimensional structure, d is the dielectric thickness, and g, is the
relative dielectric constant of the dielectric.

Another means of estimating the peak amplitude and half width of a discharge is to use
ground-based measured data. Data based on the measurement of small planar samples is




given by Balmain and Dubois [1979] and O’Donnell and Beers [1982] which find the
following scaling laws for dielectric discharges [Wilkenfeld, 1983]

I =ClA® (14)

t=Cl"A” (t5)

where A is the dielectric surface area undergoing discharge and the Cs are the diclectric
dependent constants shown in Table 12.

Table 12.
Current and Time Discharge Scaling Parameters | Wilkenfeld, 1983]
1,(A) )

S "5 G AN SN, —
| Material a1 Q cr c2
Kapton 38 0.482 01.4 0.669
Tetlon 5.146 0.516 8.0 0.511
Mylur 8.359 0.509 1.7 0.461

Fused quartz ().81 0.6

54 Determining Where the Discharge Energy Will Go

Spacecalt structure;
Energy retease location
I_—-{ Transport models }

Whare will the energy go?

Figure 48. A vital key to a determination of the impact of surfuce churging is the determination of where
the dischurge energy, the current, will go.

The transient pulse produced by the discharge couples directly or capacitively to the
spacecraft structure and to spacecraft cables. Various methods are available to analyze the
coupling of the discharge transient to the spacecraft elements. Some of these different
coupling analysis methods are briefly discussed below.

$4.1 Lumped Element Method

Lumped element modeling (LEM) is the most common analysis method used for
discharge coupling. LEM models replace spacecraft structural elements with their
cquivalent inductance, capacitance, and resistance. LEMs have varied from simple
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1-dimensional models where a few circuit elements are used to model the entire
spacecraft structure [Bowman et al., 1989; Woods and Wenaas, 1985] to very complex
3-dimensional models where each structural element is modeled by its equivalent RLC
circuit [Granger and Ferrante, 1987; Robinson, 1977]. The discharge source is then used
to drive the lumped element electrical model at the point in the model associated with the
cells identified as locations where discharges are likely to occur. A circuit analysis code
such as SPICE is used analyze the lumped element circuit model and to calculate the
currents flowing on each structural element due to the discharge source. A LEM model is
also generated for cables that are attached to or run near the spacecraft structures. The
structure currents calculated by SPICE for the spacecraft LEM are then used to drive the
cable LEMs. SPICE runs are made for the cable electrical models using the structure
drive sources to determine the coupling of the structure currents to the cable conductors.
The conductor currents and the resulting voltage appearing at interface circuits attached
to the cable conductors are compared to the interface circuit thresholds to determine if the
interfaces will be upset or damaged by the discharge sources.

54.2  Numerical Electromaguetic Method

The numerical electromagnetic method uses codes such as the Numerical
Electromagnetic Code (NEC) [Burke and Poggio, 1981] to analyze discharge coupling.
For NEC the spacecraft structures and cables arc modeled as a combination of “sticks™
and flat polygonal “plates.” The NEC spacecraft model is then driven by direct sources
representing the discharge at the model locations identified with the cells that are likely to
discharge. NEC is a frequency domain code and thus the time domain discharge sources
must be converted to the frequency domain when input to NEC. The NEC program solves
both an electric field integral equation (EFIE) and a magnetic field integral equation
(MFIE) and accounts for mutual coupling between spacecraft model clements. Individual
NEC calculations are performed at a single frequency point and thus must be repeated at
a number of specific frequencies that cover the range of interest for the frequency
spectrum of the discharge sources. The NEC code output is transformed to the time
domain to yield the current tlowing on the cables of interest. The cable currents are then
used to determine the cable conductor currents via the transfer characteristics of the
cables being analyzed or with a lumped element electrical model. Once the conductors’
currents are found, the voltages and currents appearing at sensitive interface componnts
- are determined using usual network analysis techniques.

543  Particle Pushing Method

The particle pushing methods use system penerated electromagnetic pulse (SGEMP)
codes such as the 2-dimensional Arbitrary Body of Revolution Code (ABORC) {Woods
and Delmer. 1976) or its 3-dimensional equivalent MEEC {Tunwlilio and Wondra, 1977)
to calculate spacecraft discharge response. These codes solve Maxwell's equations by
direct finite differencing for axisymmetric geometrics. Spatial current densities are
obtained from finite particles of charge that are followed through the spatial mesh of
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zones. In addition to the Maxwell equation routine, ABORC has a Poisson equation
solver from which electrostatic fields may be obtained for cach time step. Woods and
Wenaas [ 1985] describes the details of using ABORC to perform discharge analysis of
spacecraft. Discharge response calculations begin with the static fields ansing from the
initial charge on the dielectrics. The ABORC discharge model assumes uniform spatial
emission, a triangular time history, and zero initial electron kinetic energy. Flashover
cumrents are included to the extent that the potential across the diclectrics varies with time
due to both blowoff and flashover effects. Reasonable agreement has been found between
discharge results calculated with ABORC and actual measurcments made on spacecraft
models in the laboratory.

544 EMC Radiative Coupling Method

The EMC radiative coupling method employs EMC analysis codes such as Intrasystem
~ Electromagnetic Compatibility Analysis Program (IEMCAP) and Specification and
Electromagnetic Compatibility Program (SEMCAP) [Heiderbrecht, 1975) to analyze
discharge coupling for spacecraft. IEMCAP and SEMCAP contain communications and
EMC analysis math models to efficiently evaluate the spectra and transfer modes of
electromagnetic encrgy between generators and receptors within a system. In analyzing a
system with these codes, all system emitters are characterized by emission spectra and all
receplors are characterized by susceptibility spectra. AN ponts and coupling mechanisms
are ussurned to have linear characteristics. Emissions from the various emitler povts are
assumed to be statistically independant <o that signals from several emitters impinging at
a receplor poit combine on an RMS or power basis. The function of these codes is to
datertnine, by analysis, whether the signals from one or more emilters entering a recepror
port cause interference with the required operation of that receptor. Electromagnetic
Interforence (EMI) is accessed by computation of an EMI Margin for each receptor pont.
The EMI Margin is just the ratio of power reveived at cach receptor port to that recepior’s
susceptibility, Coupling modets built into these codes include antenna coupling, wire-to-
wire coupling. case-to-case coupling. couphng through filters, field-to-wire coupling.
~ Voyager {Rosen, 1978] und SCATHA {lnouye, 1981] arc iwo spacecraft whose discharge
couplings have been analyzed by using the EMC radiative coupling method. Leung et al.
{1986] describes discharge induced anomalies that have been observed for Voyager and
discusses them in relation to the SEMCAP dmchnrgc prediction made for Voyager.

§45 Recommended Coupling Analysis Appmch

The present standard practice used for spacecraft discharge response is the LEM
method and follows the procedure shown in Figure 49. The analysis procedure is as
follows {Etkman et al.. 1983; Granger and Ferrante, 1987, Stevens et al., 1987):

1. Oblain the structural details on the spacecraft to be analyzed.




2. Obtain the physical details on spacecraft cabling that are routed on or near
structural elements and connect to sensitive interface ciscuits that are susceplible to
interface or damage.

3. Construct a physical model of the spacecraft using the following library of

structural components: rectangular plates. disk plates, hollow cylinders, bars and
cones.

4. Construct an electrical modei of the spacecraft replacing the structural components
with their equivalent electrical RLC models. The equivaleat circuits for plates,
hollow cylinders. and discs are shown in Figure S0. The structural elements fall
into one of two major catcgories, the exterior structural elements that are
capacitively coupled to space and the interior elements that capacitively couple to
each other. These free space capacitances and mutual capacitances are included in
the elecirical model for cach model structure. Capacitances and inductances of
structure elements may be found in Granger and Ferrante [1987), Elkman et al.
[1983], and Rostek [1974). The electrical model nodes should co:respoad o
structural features with dimensions of 0.3 m or less,

5. Construct LEM electrical coupling maodels of the spacecraft cabling and insert

-~ these cable coupling wodels at the appropnate location in the spacecraft electrical
model. Simple LEM models can only be used for cables that are fess than A8 long.
where A is the smallest wavelength used in the analysis. For longer cables,
distributed LEMs must be used where the simple LEM is divided into several -
sections to account for distributed effects.

6. Insert the discharge sources at the appropriate points in the spacecraft electncal
model. The sources drive the spocecralt elecirical model through their source
impedance that is capacitive ot resistive depending on their spacecraft injection
mechanism. Use a circuit analysis code such a8 SPICE to solve the spacecraft
electrical model for the vollages and curreats that appear at the cable conductor

loads representing inpul impedances of the seasitive interface circuits.
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Figure 49. Discharge response modeling using the Luniped Element Method (developed with input from
Elkman et al. [ 1983}, Granger and Ferrante | 1987]. and Stevens et al. [1977]).
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PLATE HOLLOW CYLINDER

Figure 50. Equivalent circuits for plates, cylinder, and discs |Granger and Ferrante, 19871.

5.5 Determining the Damage Produced by Discharges

Energy released at each
location; Sensitivity of the

y / dircuit
J

Compare energy values
with circui divit

How much damage will it
cause?

Figure 51.  The point of the discharge magnitude and coupling calculations is to determine the stress and
ultimately the damage to circuits and components.

We first became aware of spacecraft dielectric discharges because they produce
anomalous behavior in spacecraft operation. An anomaly is defined as any spacecraft
behavior that is out of the ordinary. Thus our goal in examining discharges is to analyze
where the voltage and currents induced by discharges could produce an undesirable
spacecraft circuit response and thus possibly produce anomalies. The transient voltages
and currents in interface circuit loads transfer through any intervening circuit clements
and arrive at and stress sensitive interface components. The transicnt component stress
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can produce one of two undestred responses in spacecraft circuits. One response is upset
and the other is component damage. These two types of responses and the analysis
procedure for determining if they can occur are discussed below.

§8.1  Circuit Upset

Circuit upset is a noaperianent alteration of a circuit or component operational state
that is self-corvecting or reversible by automatic or manual means. Some examples of
upset are provided ir. Figure 52. The conditions for upset to occur when a circuit is
stressed by a discharge transient are as follows:

1. The discharge transient’s amplitude must be a significant fraction of or greater than
the circuit’s operating signa!l levels.

2. The discharge iransient’s time scale must be within the circuit’s response time.

3. When the discharge transient’s time scale ts shorter than the circuit’s response
time, the discharge transient’s amplitude required to cause upset exceeds the

circuit's operating signal levels by increasing amounts as the time scale differences
become larger.

4. For digital logic circuits, when stressing discharge transients have time widths that
are within the logic circuits response time, logic upsets occur when the discharge
transient’s amplitude is greater than the logic circuit’s noise margins.
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Figure 52.  Examples of upset from discharge transient pulses [EMP Suscepiibility Threshold Handbook.
1972).

The upset thresholds for representative logic families are given in Table 13. The upset
level (c.g.. noise margin) for commonly used logic families vary from a few hundred

milli-electron-volts to a few volts. Typical upset energy level thresholds range from | to
SC nanojoules.
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Table 13.
Typical Upset Threshold and Characteristics of Some Logic Families
{Noise Immunrity Comparison of CMOS versus Popular Bipolr Logic Fumilies]
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An example of a discharge induced upset anomaly is the Power-On Reset within the
Voyager | Flight Data System (FDS) which occurred 42 times during its Jupiter flyby
[Leung. 1986]. This anomaly was traced to the upset of a CD4050 CMOS input buffer in
the FDS processor delay logic circuit. Investigation determined that a discharge pulse
with a current rise of 4 A ps ™ 10 10 A ps ' on a nearby ire would induce the 3V 10 17 V
at the CMOS buffer required to trigger its upset for induced transient puise widths of
S ms and 20 ns, respectively.

§5.2 Component Damage

Component damage is a permancat change in one or more electrical charactenstics of a
circuit component. Circuit components are vuinerable to thermal damage and electrical
breakdown when stressed by dielectric discharge transients. The damage energy threshold
for various circuit components for a 100 ns rectangular transient pulse is shown in
Figure 53. The damage threshold fevel ranges from 10 nJ for microwave diodes to several
hundred nanojoules for various logic families.
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Figure 53.  Permanent damage energy threshold of components for 1) ns pulse [Rudie, 1981].

For semiconductors, the most commen discharge transient damage mechanism is
localized thermal runaway triggered by electrothermal overstress. This condition
produces a resolidified melt channel across the junction once the transient is removed
where the melt channel appears electrically as a low resistance shunt across the junction.
Junction damage is most likely to occur when the discharge transicnt reverse biases the
junction and drives it into second breakdown. Forward stressed junctions also fail but
typically have damage thresholds that are three to ten times higher than reverse stressed
junctions. For integrated circuits, metallization burnout and gate oxide breakdown (for
MOS devices) are also prominent failure mechanisms.

Semiconductor failure thresholds for discharge transients can be predicted from known
or measured data using models developed for discrete semiconductors and integrated
circuits, These models, which are based on thermal considerations and experimental
results, yield the following =xpression for the failure threshold level

P=kt" (16)

where P, is the power in watts required in t seconds o produce device failure, and &, and
k. are device dependent damage constants. As illustrated by Figure 54, for discrete
devices, k, is unity for discharge pulse widths less than 100 ns, 0.5 for pulse widths
between 100 ns and 300 ms. and zero for longer pulse widths. The value of k| is
determined by test when possible  Mceasured values of k, for some common discrete




semiconductors are shown in Table 14. When test data is unavailable, the value of k, can
be obtained from data sheet information and the analytical expressions given in Durgin,
et al. [1983]. The failure models for diodes and transistors are shown in Figure 55. The
diode and transistor junctions are modeled by a resistor that represents the junction’s butk
resistance and a voltage source that represents the reverse breakdown voltage for the
junction. Typical values of junction bulk resistance and reverse breakdown voltage for
diodes and transistors are listed in Table 15.

et e memm e
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—
t t Logt,

Figure 54. Pulse power failure dependence on pulse width for discrete semiconductors [EMP
Susceptibility Threshold Handbook, 1972].
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Damage Constants and Junction Breakdown Voltages for Some Typical Discrete Semiconductors

Table 14.

Device Type k* BV, BV 0 Vo
Ws'?) ) \%) (V)
IN750A Zener 2.84 4.7
IN756 Zener 204 8.2
iN914 Diode 0.096 75
IN3600 Diode 0.18 75
IN4148 Diode 0.011 75
IN4003 Diode 22 200
2N918 Transistor 0.0086 3 30
2N2222 Transistor 0.11 5 60)
2N2857 Transistor 0.0085 2.5 30
2N2907A Transistor 0.1 60
2N3019 Transistor (.44 140
2N3440 Transistor 1.1 3
*k, =k k, =172
Transistor Damage Mode!
Pg= k‘l‘h
. . ~Vao +\/ Vay + 4 R P
. 2Ry
B Ve = Pgle + Vgp
8
1C Tarminal Damage Model
E Power
input Output
o o
Diode Demage Model Vi —»
Anode b Rg, Raz Ry
Rg Vir = Yae = Ve =
T
Yao
)
Cathode Reference
Figure 55.  Transient pulse fuilure models for transistors, diodes. aund integrated circuits
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Table 15.
Typical Junction Bulk Resistance for Discrete Semiconductors
|Sweton, 1979]

Device Category Reverse Bias | Forward Bias
Q) Q)
Zener diodes 1.0 0.1
Signal diode 250 0.25
Rectifier diode 150.0 0.05
Low power transistor (e-b) 10.0 1.0
High power transistor (e-b) 20 0.2

For integrated circuits, k, and k, are determined experimentally when possible. The
constants for some common integrated circuits are presented in Table 16. For the case
where test data is not available, typical values of these coefficients for different types of
integrated circuits have been determined by tests and are given in Table 17. Tight
integrated circuit manufacturing tolerances and standard circuit designs have allowed
integrated circuits to be grouped by their technology into generic failure classes and their
terminals categorized into one of the following types: input terminal, output terminal, and
power terminal. The terminal failure model for integrated circuits is shown in Figure 55.
The IC terminal failure model consists of a resistor representing the terminal’s bulk
resistance and voltage source representing the terminal’s reverse breakdown voltage.
Typical reverse breakdown voltages and bulk resistance for integrated circuits are listed
in Table 17.
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Table 16.
Measured Dumuge Constants for Some Typical Integrated Circuits

Input 4 Output Power
Device Family K, k, k, k, k, k,
CD4000AD | CMOS 0.762 0.355 0.0228 0.595 0.24 0.515
CD4024 CMOS 1.6 0.5 0.19 0.5 — —
MC14000 | MOS 1.99 0184 | 1.5x10* | 0991 0.021 0.636
MC1678 | ECL 0.2 0.5 — — — -
7400DC TTL 32x10° | 0955 0.837 0.354 — —
74163N TIL 35x10’ 0648 | 34x10' | 0791 39x 0% | 0783
8228 STTL 8x 10" 0.5 — —_ — —
1402 PMOS 0.041 0.5 — — - —
AMI1I Linear 0.01 0.398 0.199 0.669 — —
LMIOSH | Linear 33x100 | 0721 0.115 0420 | 72x10" | 0877
MC1533 | Linear 49107 | 0566 0.72 0.89 6.4 0.23
Table 17.
Damage Constants and Fuilure Model Parameters for Various Logic Families
[EMP Assessment Handbook, 19801
Category Vin R, | Lower95% | Upper 95%
Family | Terminal K, K, V) () k, k,
V| TTL Input 0.00216 | 0.689 7 16 000052 | 0.00896
2 Output | 0.00359 | 0.722 13 24 000098 0013
3| RTL Input 0.554 | 0.384 6 40 0.12 26
4 Output 00594 | 0.508 5 189 0096 0.39
5 Power 0.0875 | 0.555 5 208 0.026 0.70
6| DTL Input 00137 | 0.58 7 25.2 0.0046 0.041
7 Output 00040 | 0.706 i 158 0012 0.0136
8 Power 00393 | 0.576 | 30.6 0.0 0.7
9| ECL Input 0152 | 0441 20 15.7 0145 0.51
10 Output 00348 | 0.558 0.7 78 0003 0.397
L Power | 0456 | 0493 | 07 | 89 .22 093§
12| MOS Input 00546 | 0483 0 9.2 0.006) 0.47
K Ouput | 004 | 0819 0.6 1.6 | 042 | 06
L4 lpower | o005 | ose | 3 04 | oom | 029
15 Liner  Ltnput | 00743 | 0w 7 132 | oooss o
16  Output Coow | 07 TSSO | OoMs 0048




From the failure models for discrete semiconductors and integrated circuits, we find
the failure voltage, V., and failure current, 1., at the device terminals are expressed as
follows:

V.=V, + LR, (17)

L =(Va - Vi - 4RP) 2R, (18)

where V,, is the terminal’s breakdown voltage, R, is the terminal’s bulk resistance and P,
is the terminal’s failure power given by Equatior 16.

The conditions for failure to occur when a circuit is siressed by a dischasge transient is
as follows:

1.

2.

The discharge transient current produced at the terminals of a transistor, diode, or
integrated circuit must be equal to or exceed I/D where I is obtained from
Equation 18. D is a derating factor to account for the statistical variation it device
failure thresholds. D is 3 for P, values obtained using measured damage constants
and D is 10 for P, values obtained using damage constants from generic data tables
(Table 16) or these obtained from analytical expressions [Durgin, 1983].

Or the discharge transient voltage produccd at the terminals of a transistor, diode.
or integrated circuit must be equal to or exceed V. 1) where V. D=V, +1, R,/D
and D is the derating factor given above.

553 Recommended Analysis Approach for Anomalies

The recommended analysis approuch for assessing where discharge induced anomalies
are likely to occur and whether the anomaly would be transient or permanent is as
tollows:

:.-i

Use the discharge coupling analysis results to identify all spacecraft interface
circuits that are stressed by discharge transients.

Obtain the electrical specifications for each stressed interface circuit and its
semiconductors.

Compare the discharge induced voltuge, cumrent. and transient pulse width with the
circuit and semiconductor specifications foilowing the procedure to determine if
circuil upset can oceur. I circuit upset is possible, then evaluate the circuit's
function and the function of circuits that it feeds into to identify all the anomalies
that can be produced by this circuit upset. Next, determine if the anomalous
condition would be self-comecting, could be comected from the ground (if not self-
correcting) or would be permanent.

For interface circuits that can upset. compare the discharge voltage or current
induced at the terminals of circuit semiconductor with the semiconductor failure
voltage or current obtained for the induced transient pulse width (0 iduntity
interface semiconductors that can also be damaged. It semiconducior damage is
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possible, then evaluate the possible permanent anomalies that the damage could
produce.

5.6. Evaluating the Direct Impact of Surface Charging on the
Spacecraft Mission

Surtace potentials;
Measuring device design
and location

trajectory models

\ B
3-D plasma potential arﬂ /

Wil the surface potentials
disturb environment
measurements?

Figure 56.  Surface charging can directly affect the spucccraft mission. An assessment of this impuct must
be made.

Only on a few spacecraft does surface charging itself interfere with the spacecraft
mission. The primary cause for concern is spacecraft carrying instruments intended to
measure the plasma environment.

The trajectories of charged particles are determined by the local electric and magnetic
fields. Charged spacecraft surfaces can create high enough electric fields, which affect the
trajectories.

Suppose a particle detector were placed on the side of the spacecraft discussed in
Section 5.1.2. In particular, suppose this detector is in the center of the side facing the sun
at the time modeled. This would be the east or the west side, depending on if the model is
for mid-morning or mid-aftermoon. Figure 57 shows the poteatial contours in a plane
along the surface of this side and in two mutually perpendicular plones that are
perpendicular to the surface and pass through the center of the spacecraft side. The
potential at the detector is -651 V. The ficlds parallel to the surface will affect
trajectories. The files used to do the calculations shown here are in Appendix C.
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Figure 58a shows trajectories of electrons that strike the detector with normal
incidence with energies from 100 eV to | keV (spaced logarithmically). For electrons
below 1 keV, the detector is in the electrostatic shadow of the anterna mesh and boom
structure, From these trajectories alone, the spacecraft potential would appear to be
+1 kV. because no electrons of lower energy are detected. In actuality, spacecraft ground
is at -200 V and the detector is at —651 V. Figure 58b shows higher energy electrons
whose trajectories are less disturbed.
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with all the surfaces at -651 V. Even with no differential charging, the particle
trajectories are disturbed. Here the clectrons are bent the other way by the ficlds.
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If carce is taken in the design of the spacecraft and the placement of the particle
detectors. particle detectors can yicld much useful information about the spacecrafi
cavironment. However, care must be taken in both the design stage and during
interpretation of the measurements.

§.7. Impact Assessment

// Spacacat missio /

2
Compare damage or
disturbance estimate
with acceptable limits
Is this amount of damage or
disturbance tolerable?

Figure 60. An assessment of the impact of damage or disturbance on the mission and a decision
regarding the acceptability of the impact must be made.

The final step of any analysis is to determine the implications of the analysis to the
spacecraft program. A minimization of the potential impact on the spacecraft mission due
to disturbance or damage to the spacecraft from spacecraft surface charging effects is the
desired end result of any analysis.

The likely impact on the spacecraft mission must be compared with acceptable design
limits. The comparison may reassure the designers, builders, and ultimate users of the
spacecraft that spacecraft surface charging is unlikely to interfere with the mission in an
unacceptable way. The compariso:1 may also point out some arcas where changes may be
needed or special care taken. An examination of the result of an analysis done before the
spacecraft design becomes fixed can suggest possible mitigation approaches that do not
interfere with other aspects of the design.

For all analyses, if the likely impact on the spacecraft mission exceeds acceptable
design limits, mitigation techniques must be employed to eliminate the possible discharge
sources and to reduce the coupling between possible discharge sources and stressed
interface circuits.

An analysis done late in the design process should identify susceptible design areas
and locations for testing and quantify representative test levels. In this manner, test levels
and test locations can be an accurate representation of spacecraft surface charging effects
on the spacecraft. The testing can then reassure the designers, builders, and ultimate users
of the spacecraft that spacecraft surface charging is unlikely to interfere with the mission
in an unacceptable way. The tests may also point out some areas where changes may be
needed or special care taken.
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Chapter 6
Testing

Testing is the final component of a spacecraft surface charging protection program.
The necessary tests are divided into the following four types of testing: material property
determination, material discharge response testing, ground continuity testing, and
discharge immunity testing. Each of these types of testing is described below.

6.1 Material Property Determination

The charging rate and the maximum potential reached are functions of the properties of
spacecraft surface materials. The material properties that determine the charging response
of the surface materials are the secondary emission yield, the backscatter yield, the
photoelectron yield, the conductivity, the dielectric constant, and the thickness. For
common spacecraft materials, the measured values of some of these properties are given
in the literature [Wall et al., 1977] or are available from the manufacturers of the
materials.

For new spacecraft materials one or :nore of the listed material properties will likely
not be available and must be measured. When measurements of these material properties
must be made, the standard test techniques available in technical references and test
books should be used for the measurement. The bibliography of this document lists
references that describe some of the standard test methods used for material property
determination, Siiice spacecraft surface materials are mainly insulators, the measurement
technique used to measure the conductivity (or resistivity) must be appropriate for low
conductivity (or high resistivity). Any necessary material property determination tests for
spacecraft materials should be specified in the spacecraft surface charging test plan. The
plan should contain the material property test technique, test setup, and instrumentation
for the material property tests.

When evaluating the reliability of published data or that determined from new
measurements, it is important to consider that the material properties can vary from
sample to sample, one location to another (due to non uniformity), over time, and with
environmental exposure. For instance, the conductivity of kapton has been shown to
increase after long term exposure to the space environment [Leung et al., 1985]. The
atomic oxygen of low-altitude polar orbit can oxide surface materials, reducing their
conductivity. Debris and meteoroid particles can erode protective layers.




6.2 Material Discharge Response Testing

Material discharge response testing is performed when measurements of the discharge
susceptibility of spacecraft surface materials and coatings [Balmain et al., 1985;
Goldstein et al., 1982] the transient currents produced by discharge of the materials
[Bogorad et al., 1990; Levy and Sarrail, 1987; Snyder, 1986] or the radiated fields
produced by the discharge transients {Leung, 1984; Leung and Plamp, 1982] are needed.

A typical test setup for discharge response testing is shown in Figure 61. The discharge
response test setup generally consists of a vacuum chamber to provide the vacuum
cnvironment of space, an electron gun to provide the electron charging environment,
curreri probes to measure the discharge current, a faraday cup to set the electron beam
density at the test sample, a high-voltage probe to measure the charge voltage of the
sampie, antennas to measure the discharge radiated fields, and a collection electrnde to
measure the blowoff charge produced by the discharge. The test sample is normally a
small section of the spacecraft material to be studied. It is attached to a conductive holder
that represents the spacecraft structure. The holder is placed on a dielectric stand and
often grounded with a ground strap {Balmain and Dubois, 1979]. In some cases the
holder has been resistively terminated to ground [Wilkenfeld et al., 1981] or resistively
connected to a bias supply along with a capacitor-to-ground termination [Levy and
Sarrail, 1987]. The test instrumentation used to connect io the current probe and to
measure the discharge current is the same as the transient measurement equipment used
for discharge immunity testing given in Section 6.4. Test instrumentation that connects to
the antennas and measures the discharge radiated fields consists of a spectrum analyzer or
a wide-band heterodyne detector as described in Leung and Plamp [19821.
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Figure 61.  Test sethp for surface material discharge response tests (based on [Rogorad et al., 1990).

6.3 Ground Continuity Testing

Grounding is one of the key design techniques used to prevent charge buildup [Gore,
1977; Ling, 1977 Purvis et al., 1984]. The continuity of the spacecraft grounding system
depends on the construction techniques used and the care in handling. Testing is usually
necessary to insure that ground continuity exists and that the grounding resistance does
not exceed the required level. The ground continuity tests including the test methods to be
used, the test setup, and the test instrumentation should be described in the spacecraft
surface charging test plan.

Thermal blankets often have thin coafings of conductors such as conducting paint and
indium tin oxide (ITO). The coating can be very fragile and casily damaged by handling.
When blankets are installed and when they are extensively handled, disturbed. or
adjusted, they should be tested to verify their continuity.

Each ground strap should be tested for continuity at installation and each time it is
adjusted. All bonds should be tested to verify continuity at the time the bond is made.

Besides testing during assembly, ground straps, bonding, and conducting surfaces
should be tested for continuity before discharge testing is begun,
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6.4 Spacecraft Discharge Immunity Testing

The most authentic ground-based method of qualifying spacecraft for spacecraft
surface charging refated discharges would be to expose an operating spacecraft to a true
simulated space plasma environment during ground tests. This qualification technique has
been used for a few spacecraft. However, it has been found to be not realistic because of
our inability to reproduce the space environment causing spacecraft charging and
discharging on the ground. Additionally this qualification approach is extremely costly,
difficult to implement on a routine basis due to simulation and handling requirements,
and requires extensive test facilities [Wilkenfeld et al., 1981].

An evaluation of various discharge qualification test methods has determined that the
most practical and technically sound approach for spacecraft surface charging related
qualification tests is global discharge immunity (GDI) involving direct current injection
onto the spacecraft that simulate the currents caused by surface material discharges
{Wilkenfeld et al., 1981]. The advantage of GDI testing is that it is a true system test, can
be performed at threat levels, simulates many of the electromagnetic effects produced by
discharges, and is consistent with present EMP test practices. GDI testing is the
recommended test technique for qualifying spacecraft against spacecraft charging related
discharges and is the test technique described below.

64.1  Spacecraft GDI Test Plan

GDI spacecraft charging tests are performed by applying a series of current injections
to selected locations about the spacecraft, and monitoring the effects of these injected
transients on critical system functions. Test instrumentation is installed to monitor system
functions and verify safety margins. Injection locations, the coupling methods, and the
injection pulse parameters are selected either from an analysis of the spacecraft or are
taken from a control document,

The test plan includes at least the following:

1. Critical measurement test points that must be monitored to demonstrate safety
margins. (Determination of these points is part of the Spacecraft Analysis Plan.)

2. Failure criteria and limits. (Determination of these is also part of the analysis plan.)

3. Expected wire and structural responses at monitoring points. These are compared
to failure thresholds to determine anticipated safety margins.

4. Specification of the critical points to be stressed. (Determination of these is part of
the analysis plan.)

5. Test configurations and procedures for all electronic and electrical equipment
installed in, or associated with, the system and the response for operations during
tests, including switching.

6. A description of all nonstandard equipment such as pulsers, data links, or sensors
that cannot be found in referenced manufacturer's equipment manuals or data
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sheets. Where available, appropriate manuals or data sheets, can be cited for
standard test equipment.

7. Implementation and application of test procedures that include vehicle
configuration, modes of operation and monitoring points for each subsystem and
operation of test equipment.

8. Data recording requirements.
9. Methods and procedures for data measurement and analysis.

10. A safety plan whose objective is to prevent inadvertent damage to the spacecraft
and to ensure personnel safety during the operation of the high voltage/high current
power supplies specified in the test.

A post-test analysis in which the measured electrostatic discharge safety margins for

_ critical monitoring points are compared to predictions is part of the test plan. When these

~ margins are negative, impact on vehicle performance is part of the analysis. Where the

measured electrostatic discharge safety margins are less than the 6 db required.
identification of necessary changes to ensure compliance should be identified.

Test levels should be 6 db (energy) overstress by the injected current above that
produced by a worst case discharge occurring at that site for the specified charging
environment. ldentification of discharge sites, discharge characteristics, and predicted
system structural current responses can be determined by the analysis methods discussed
in Chapter 5.

642  Test Setup and Spacecraft. Test Configuration

The general test setu;,> for GDI testing is shown schematically in Figure 62. The test
setup consists of a high voltage pulser, the spacecraft coupler for injecting current on the
spacecraft, test instrumentation data link, command and control data link, the test
instrumentation, and the aerospace ground equipment (EAGE). The test should be
performed in a large open area such as a high bay. The spacecraft should be in its on-orbit
configuration (e.g., with antennas and solar panels extended) in an open area on a
dielectrically isolated stand as far away from conducting boundaries as possible. It is
recommended that the minimum height of the stand platform be comparable to a center
body dimension and that the clear space above the vehicle be similar. The minimum clear
space around the satellite should be comparable to the tio-‘o-tip wing dimension for
3-axis stabilized spacecraft and several body diameters iur ¢ sp.a stabilized vehicle. As a
rule of thumb, the capacitance of the vehicle to ground should be no more than twice its
capacitance to infinity. The spacecraft coupler can consist of a hardwire connection via a
grid of wires [Wilkenfeld et al., 1981] or a coupling capacitor formed by a test ground
plane and the metal structure (or portion thereof) of the spacecraft.
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R Lumped resistance added if necessary for wave shaping
L’y L°,  Inductance of the connection grids
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{ Current flowing on the test object that simulates the replacement currents
f.owing us the result of Jowotf

The ground plune is to simulate plasma current return puths to the circuit.
The switch is an adjustuble, self-breakdown, high-voltage spurk gap.

Figure 62.  Direct-drive setup for electrostatic discharge simulation testing,

During electrical injection, the vehicle should be electrically isolated from its
ehvironment except for controlled impedance paths between the pulser and test object,
and test object to common ground as shown in Figure 62.

During testing, the spacecraft should be powered from its internal batterics, and system
comimnand and telemetry data that indicates system status should be transmitted via the
Radio Frequency (RF) Command and Control links between the spacecraft and the
EAGE. The spacecraft surface clectric and magnetic field sensor outputs and critical test
point current sensor outputs should be transmitted via fiber optics or equivalent isolated
data links.
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6.43  Pulse Injection Method

Pulse injections onto the satellite are made via the hardwire coupler or the capacitive
coupler. The selection of which injection scheme to use for exciting a candidate discharge
area is made on the basis of an electromagnetic (EM) coupling analysis. The coupling
analysis is to determine which aspects of the EM energy produced by the discharge site
are important in coupling to nearby spacecraft conductors or points-of-entry (POEs)
associated with sensitive electronics. The hardwire coupler is the preferred pulse injection
method, if it is necessary to simulate the surface current excitation resulting from the
circulation of several-hundred-ampere, microsecond-wide pulses caused by electron
blowoff from a large area, Capacitive excitation is better, where excitation of system
resonances or normal electric fields is the important coupling mode. The critical test
points are the spacecraft dielectric surfaces that are found to be susceptible to discharge
by the spacecraft charging analysis.

Unfortunately, neither current injection method provides a uniform global simulation
of the electrostatic discharge excited fields on the surface of the spacecraft. The
simulation fidelity will vary with spacecraft location and injection method. Thus one may
find that a particular selected injection technique and injection point may not provide a
correct simulation of fields in another area of interest. Therefore, the coupling analysis
may suggest additional points of excitation beyond those determined from the charging
analysis to complete the test simulation process,

6.4.3.1 Pulser Injection Points

The following steps define the details on injection points to which the pulser

(including the wave shaping network) is attached to the spacecraft.

I. The results of the charging and coupling analyses are used to select the appropriate

injection locations to attach the positive and negative leads of the pulse generator
(hardwire coupling) or the position and spacing of the coupling plate (capacitive
coupling).

2. For each injection location, the coupling analysis results are used to define the
surface arca over which current is to be injected. This surface area then is used to
determine the appropriate number of wires required in each grid (direct injection)
or the size and shape of the drive plate (capacitive coupling). The wire grid can be
a continuous resistively loaded structure with a total resistance, R, and inductance.
L’, set to provide both pulse shaping and impedance matching,

3. The coupling connection should be adequate to inject current over the same arcas
as that which participates in the discharge. This may require driving an entire solar
array panel or a thermal blanket.

4. For hardwire injection, L, and L°,. the total inductance respectively of the wire
grid connection to the pulse gencrator and the return at cach injection location,
should be measured or calculaed. Where current is eeturned 1o ground by

M




capacitive coupling, the coupling of the test object to the ground should be
determined and adjusted as required.

5. Calculate or measure the spacecraft inductance, L, and resistance, R, between
each injection location and return location.

6. The wire grid used for hardwire injection should be attached to the conducting
substrate surrounding the dielectric surface and not to the dielectric surface itself.

7. Conventional circuit analysis should be performed on Figure 63 (which is the
equivalent circuit of Figure 62) to compute the values of V, R, R, L, C (and C, for
capacitive injection), required to drive the spacecraft with the desired current
magnitude and wave shape. The analytical results obtained from analysis of Figure
62 are given in Appendix D.

8. The test setup shown in Figure 62 should then be implemented based on the
information and circuit values determined in Steps | through 7 above.

644 Test Instrumentation

The high voltage pulses is to be a capacitive discharge pulser followed by a wave form
shaping network, as shown in Figure 63. The pulser can be a self-contained unit such as
the ELGAL 103 or one constructed from a high voltage power supply, a charging
network, and a remotely triggered spark gap. The pulser must be capable of peak output
voltages of 20 to . 00 KV, preak currents of several hundred amps, and a pulse width (full
width to half maximum (FWHM)) of greater than | ps, The component values for the
wave shaping network are determined from the results of the circuit analysis performed in
Section 6.4.3.1, Step 7.
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Adjustable Circuit Purameters
Vv, Adjustable churging voltage
R Charging resistor

-’

C Drive capacitor

L Added inductunce for wave shaping
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¢, Cupacitive conpling between pulse generator ane! 1est object
L, Neminal inductance of test object
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C, Cupucitunce briween texi odiect und pulse generator ground
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Figure 63,  Genera) capucitive discharge infection model.

Spacecraft operation during testing is determined through the on-board status monitors

of the telemetry system with the data heing transmitted via the telemetry radio link to
_ provide electrical isofation. Comprehensive post-test functional performance checks are
made using u dircet cable link from the spacecrall to the vehicle EAGE.

Other measurciments to be made during the fests are pulser source measurements. (xal
EM environment measurements and EM codpling wmeasurements. The Source
measurements consist of the discharge voltage of dw pulser snd the drive current. If
wultipoint drive ix cinployed. then muasurement of the current thiough cach of the
individual drive wires may be desired. A summary of mprmmmive KUUICE Ineasurcinents
is given m Table {8 and typical ammnu.mali(m is given in Tabic 19,
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Table I8,

Source Measurements

0 = aumber of drive wires

Meaxuremem (T“t!mging voltage Drive cutvert o _\_\ii!}‘_(ﬁir‘if_l!:‘iw N
Type DC voltuge Pulse current __ Pulse current
Representative 0kVDT <0 A, < < s Hs I/nt,s5us
Characteristics L N
. Locuion | HighpotntalsigeofC | Puberoupur | - Wineson dnve plate
Sensor High-voliuge probe Currentprobe | ( urrent probe |
Cannecnon Hurdwired Hardwired Hardwired
fiber optic tink fiber optic link
I e : e e} it it ot e
Recocding Voltmeier Digitizing oscilloscope | Digitizing oscilloscope
o or
t)xl?!OSCQf)c é‘w uscilloscope and
transient digtiver wansient digitises
o Gomments | Retovable during tent | R““‘“""?" f‘“‘*"&i“:L . Remwvabie during e
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Table
Typical Test Equipment for System Spacecraft Charging Related Discharge Tests

9.

Fquipment! Mundcl Frequency Range Other Characteristics Conunents
Mir. . | ) ) o
RF Amplifiers
Avanick AWL 00 | D.O01-500 MH?. 26 db gain. inpul veltage + NRV-22 my
Hewlent 847D E 0.05-1300 MHz 26 db gain, input voltage < $ 0 mV
Packard ‘
Oscilloscopes
Tektronix TDS 520 0-500 MH,/. Input vollage sensitivity | mVidiVv Digitizing
wscillinoope
2420 0-100 MH/, Input voltage scnsitivity 200 gVAIV "
Hewlent S4S10A 0-250 MH2. Input voltage semsitivity | mVASiV Digitizing
Packand wsgilloseope
54511D 0-500 MH, Input voltage sensitivity | mVadiv "
S4502A 0-100 MH, Input voltage sensitivity 2 mVASiV "
Analog Fiber Optic Links
Tesen OAMOS | 200 112-250 MH/ W[ Includes programniable aitenuatons in 3|
dh sieps
EG&G ODS-F § KHz-150 MEL, Inctudes programniable 4 Jdb amplificr,
-1 — .. L peogramnsbie attenuator
Couxial Switches
Novack 0-300 MH/ [ S Rin. 1 out Mechanical
Matrix 0-3X) MH, Xin, | vut Programmahlc
Daico 100C1HISY | (0-250 MH2. Rin oot Mcchanical
Puise Generators
Elgal EM 1M Veuar = OO KV, Lg = 10RA (50 €2y,
EMIOU LZEAs = 125ps
1012 exp Venax = 20kV, It = 2RA (50 €D), !
< a1 S Sps |
Active Integrutor
EGAG | 1A-w0  [044H~200MH, | [odbinseriontns r
Botlun
EGA&G___ | pMB3 [ 2kmcich, | [ L ]
DSensor
EG&G CFD-1 > 30 MHz (3 dh) 200 A/n?
HSD-3 > 150 MH/ () db) 1HH A/m? max time rate of change
BSensors
Muvimum Field Chunce (Teslas/Second)
EG&G CML-) <632 MHz (3 db) 2107 Fur surtfuce
Prindyne CML-X3 <700 MHZ (3 db) » curre™
CML-XS | <500 MHz (3 db) bt meaurements
CML-6 <175 MH7z (3 db) Ix it
; 6x 10
Surfuee Current (H) Sensors [ »
f “l'mk Current | Nominal 7, (0hms) inter SO Ohms
(A)
TEGAM 95210-4 0.1-100 MU w k) i
98210.2 | 01100 MY e 1 i
Fiwher | F91 1-100 MH/ S0 0l b
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Table 19.

(Continued)
Fqutpment! Mowdel —i Frequeney Range Other Charactenstics Comments
oM | I N
Clamp On Current Probes
Peck Current Nominal Z,(Ohms} Gap
U (A} into S Ohms (Inchesh .
TEGAM 9155()- 0.01-100 MH/ Of micasusing
91550-4 | 0.02-100 MH/ g::; g‘?‘n : :ﬁ currents on struts
91550-5 (L1100 MK/ 100 ll() 114 and cable
| Y1850-7 001180 MH, 00 ()‘(1)3 11/4 bundics
93686-2 (L0 -S0 MH/ 10 S. ) 25/
Y36K6-1 001140 MH/ 10 2 I5K
936X6-4 Q01100 MH. 500 006 1 .SIR
36R6-4IM | 0.01-100 MH/ i SN 0.005 I
G4H30-1 0.04-250 MH/ ! ' 10 K‘ ) '."4
G4 H)-2 0.0 - 250 MH, 0 1 :0/4
w3 L oor2somi s L 01 4
944304 1 001250 MH, 500 ()'0; %/4
4456-1 - 0.01-HO MUy ‘l(l) q' ’ ) 4
94356-2 1001100 MH, 300 i 4
Y4561 (O 100 MH, | ;(X) ol 4
o4ds6.4 [ O0I-IOMH, | 00 0 4
JUS GO S R G o e
Tohtronix T | 0.3- 1% MH, | 100 S For individual
H wire
! measurcnicnls
(T2 i 1.2 AHz- L MKz l 100 i "
Veltage Prodws
_[ [ Vi tV) Attenuation Impedance (MS2 pf)
Tektronix | 6015 DX-75 MH/ £ 20,000 For high voltage
' source
measurcments
PeiMA < X)) MH. 1+ §() INH0X I0H0,3) Diﬂ'lAmp
bo.Jol <Gt L6 X0 0X L3S | FET
PreA M L6 IOXI00X 102y FET
i\ > | GHy 130 . 5
i PHIST S AGHY o 10X 450 L2 1.3 pl 08
POIOGA | < 300 MH/ + 500 10X SKEL LI pf 04
10 (10, 10.5) Pussive,
' Bandwidth
i decreased to 153
MHz for IM
L1 e

The pulser source is calibrated by measuring the pulse output current into a short
- circuit and a known load. The current probe output should be transmitted back to the
transient data recording system via fiber optics or a semi-rigid coaxial cable.

To validaie the test results, one must ensure that the desired electromagnetic
‘environment is reproduced on the outer surface of the spacecraft. The critical parameters
to he mweasured are the tangential magnetic field H,, which is proportional to the surface
current density K, and the normal electric displacement D, related to the surface charge
density. In addition, it is useful to measure boom currents. The joints between the
spacecraft and booms on which antennae or the solar array pancls are mounted often
serve as a major penctration for the coupling of energy into the interior of the spacecraft.

Surface current measurements for surface currents of significantly large magnitude and
in absence of tonizing radiation, can be made with surface current sensors like the
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TEGAM 952101 or 95210-2. These small, surface mounted sensors have an active area
of about 1/4 to 1/2 square inch. If sensitivity is a problein, then B or J sensors, which
measure the rate of change of B or magnetic inducticn field can be used. Specifications
for the 95210 surface current sensors and the CML B sensors are provided in Table 19,

One problem to be faced with using sensors that measure time rate of change is that the
relative amplitude of the higher frequency components is magnifted, even though these
components contain relatively little energy. Therefore it is advisable to integrate the
output of these sensors, where possible, using active integrators (such as the 1A-300) with
time constants long compared to pulse width (about a factor of 10 is recommended).

The rate of change of the normal displacement field or sucface charge density D, can
be measured with a surface mounted sensor like the CFD-1 or the HSD-3 Dsensors.

Currents flowing along booms or cable bundles can be measured by clamp-on current
sensors such as those given in Table 19.

Some of the sensors such as the CML B sensors have differential outputs. A balun
such as the DMB-3 or impedance matching transformer is required to convert the output
from double-ended to single-ended. The sensors should be mounted directly on the
satellite sur * ¢« ~r boom. This may pose practical problems for means of adhesion and
avoidance ¢ szrrace contamination. Signal cables should be run from these sensors to the
fiber optic data links in a manner lcast likely to perturb the electromagnetic environment.
i.e., along ground planes. The use of radio frequency tight. semi-rigid Cujack or Aljack
cable and locking connectors for the sensor signal cable runs to the fiber optics is
recommended.

Monitoring of specific response points should be done in addition to performance data
that may be received via the spacecraft telemetry. Given the mode of electrostatic
discharge coupling, the monitoring points are most likely to be the currents and voltages
on critical signal lines, or at inputs to the interface circuits of critical functional units. The
measurements are of two types, currents on individual wires and input voltages at critical
box pins. A variety of standard current and voltage probes are available to perform these
measurements. A representative set of these is given in Table 19.

These measurements must be implemented without disturbing the operation of the
spacecraft. Practicaily, this may mean modifying cable bundles by including interior
wires on which can be mounted current probes, putting monitoring points in critical
circuits that can be accessed through box pins, or by providing breakout boxes that
interface between the normal cable harness and the input connectors of the box under test.
These boxes contair ~ecessary current and voltage sensors, coupling circuitry to isolate
the measured cable or test point from the measuring device, and output connectors. The
output of the sensors is then run via separate cables back to a J-box located at the satellite
where the coaxial switches and fiber optic or othe: data transmission links are gathered.
The breakout box approach has been used to perform SGEMP electrical testing
[FLTSATCOM Phase |l Experiment Plan. 1981; Lowell et al., 1980]

In addition, it may be desirable to measure the internal electromagnetic environment of
the spacecraft to ensure that it is correctly driven and to locate any points of entry. This
may be done with the environment sensors previously described. In particular, it is useful
to measure the currents flowing on interior cable bundles using one of the clamp-on
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current sensors described in Table 19. This is because one of the major coupling modes is
through the electricai and magnetic field penetration of cable shields to individual wires.

The signals to be monitored during testing are of two kinds: electromagnetic response
data such as surface currents and electromagnetic ficlds and satellite telemetry data that
indicates the status of system componznts. The former is relatively high frequency (1-200
MHz) analog data, while the latter consists of much slower digital data. The preferred test
configuration described is one in which the spacecraft is electrically isolated except for
current injection and return over paths with controlled characteristics. These requirements
in turn determine the characteristic of the required data systems.

Transmissions of high frequency analog data should be via wide band analog fiber
optic data links such as the OAMO4 or the ODS-F fiber optics links. The type of system
required consists of:

1. Wide band (DC-300 MHz), many in - one out coaxial switches

Wide band (0.01-150 MHz minimum) analog fiber optic data links

Digital controlled wide band RF attenuator, 0-60 db

Radio frequency amplifier; 2-26 db gain, 0.01 to 500 MHz (3 db bandwidth)
Digital fiber optic control link

Digital control circuitry.

ok W N

o

The function of these systems is to provide a means of monitoring several critical
points with one data link. Because the range of possible signal amplitudes is large, it is
necessary to provide both amplification for small signals and attenuation for large ones as
the normal operating range of the LED in the FO transmitter is typically £ § to £ 500 mV
and often less. The systems can monitor signals from a few hundred microvolts to | kV
over a bandwidth of 0.01-150 MHz.

Spacecraft status information during testing should be provided by the spacecraft
telemetry system. To provide for electrical isolation, this information should be
transmitted via the spacecraft’s radio frequency links. In some cases it may be desired to
use the EAGE to supplement or in place of the spacecraft telemetry to monitor system
status during the discharge testing. If the EAGE is used during testing, the hardwire link
between the spacecraft and the EAGE must be isolated via ferrite isolators such as that -
described by Siedler et al. [1981a; 1981b] or other suitable isolation techniques to prevent
coupling of discharge transients to the EAGE during testing.

Generally, fast transient data should be recorded on oscilloscopes and cameras,
transient digitizers, or digitizing oscilloscopes. Transient digitizers or digitizing
oscilloscopes are preferred as both an analog and digital signal are obtained and the
digitized data can be displayed on a digital plotter. The digital signal can also be stored
and processed off-line with the data obtained from the spacecraft telemetry. To avoid
degradation, the bandwidth (upper 3 db point) of the oscilloscopes and digitizers should
be as high as possible. While the major discharge response currents have characteristic
frequencies of 1 to 20 MHz, vehicle structural resonances can exceed 150 MHz. It is
recommended that transient recording devices have a minimum bandwidth of 100 MHz
and should preferably be 200 MHz or above.
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645  Test Conduct

The following steps form the major clements of the test:

1. A complete pretest functional checkout should be performed using the EAGE. The
nature of the checkout is specified in the test plan.

The spacecraft should be disconnected from the EAGE and placed on battery
pewer and the radio frequency telemetry system for command and status
monitoring should be activated.

o

3. A series of electrical injections should be performed according to the steps given.
During injection, the vehicle should be operated in representative on-orbit flight
modes and in the on-orbit configuration. The spacecraft’s on board housekeeping
capability should be used to mounitor its behavior for out-of-spec operation.

4. At the end of a series of injections at a given point and drive level, a quick look
functional checkout of the spacecraft should be made before performing tests at the
next drive leve). The nature of this checkout should be specified in the test plan.

5. Following the complete series of electrical injection tests, the spacecraft should be
reconnected to the EAGE and the system functional tests performed in Step |
should be repeated.

Tne assumptions on whir 2 the proposed eiectrical injection schemes have been based
have been reviewed in Wilkenfeld et al. [1981]. For convenience they are summarized in
Table 20. The primary one 1s that the principal electromagnetic driver in gencrating
surface electromaguetic fields is the blowoff of electrons. From this premise. it is possible
to predict the response of spacecraft-like objects if one makes certain assumptions about
the emission characteristics of the blowoff charge (magnitude, energy and angular
distributions, surface albedo, oresence and characteristics of an associated plasma).
However, these calcu'ations have not been able to predict the response of real spacecraft.
The prediction problem is enhanced for spacecraft with reentrant geometries such as
booms and antennae, largely because of a lack of a well-validated discharge model, but
also in part because of the inaccuracies inherent in trying to predict the response of
complicated systems with simplified models. Ir addition, the numbx -f cases for which a
calculation has been performed is extreraely limited. In a sense, response prediction is in
~ its infancy.
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Table 20).
Summary of Assumptions Used to Derive Current Source Terms

1. The predominant mode of excitation is the blowoff of electrons.

2. Punch through and flash over serve primarily to reduce the potential of the
dielectric relative to the structure.

3. Theemitted electrons move in fields whose sources are electrons trapped in
the dielectric. replacement charges and currents, and other emitted ¢lectrons.

4. Spacecraft isolation ensures space charge limiting so that most electrons return
to the structure, hence, current flow is limited, decreasing in amplitude and
pulse width as the distance from the dielectric increases.

5. A worst-case is taken to be the response of the satellite grounded for which the
skin currents are equal to the blowoft currents.

6.  Following standard practice, replacement current characteristics are described
by the scaling laws presented in Table 21,

1. The scaling is based cn mono-energetic. circular sampies, grounded edges.
Real samples show order of magnitude variations about the mean,

Coupling is based on limited validation,

More complicated environmental simulations (UV, high-energy electrons)
typically diminish or eliminate discharging.

10, Scaling laws may reflect the effect of typical test fluxes (1 nA cm™) that are
much higher than the fluxes occurring in space.

11.  Reul dielectrics do not show regular discharging patterns (edges. seams).
12, Neglects plasma effects (Debye screening).
13.  Does not handle reentrant geometries.

14.  Probably worst-case.

Thus, one must fall back on the limited body of data that connects inferred discharge
characteristics to the observed response of simple systeins such as planar dielectric
surfaces. On the basis of simple scaling laws, the simple coupling models, and the limited
data base, one can derive predictions as to the anticipated skin currents generated because
of electrostatic discharge, in particular dielectrics.

Therefore, in the spirit of doing what one can at this time with the available data base,
these scaling laws have been adopted as the provisional injection current amplitude and
pulse width characteristics. The specification as it stands is incomplete because no
information is given on the normal electric fields associated with charge density. The
coupling experiments described in Wilkenfeld et al. [1981] and Treadaway et al. [1980]
did not measure this quantity. Planar sample measurements reported in Milligan et al.
[1979] indicate that they can be tens of kilovolts per meter. The normal electric fields on
the surface of the test objccts can be calculated with the modeling approach described in
Treadaway et al. [1980] and Keyser et al. [1978]. It would be useful to publish such data
if it exists and to perform additional calculations and measurements for realistic
spacecraft configurations. :
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The question of emission pulse characteristics has a crucial bearing on possible current
injection and experiment configuration issues. If the blowoff discharges were smaller (say
less than S0 A) and narrower (less than 200 ns) it would be more feasible to employ
capacitive coupling in a threat level simulation. It might also be possible to use ferrite
isolation of power supplies. data links and the satellite EAGE that would make
experimental implementation much less complex.

6.4.5.1 Direct Injection Excitation

L.

The critical stress points are to be driven by a direct current injection with direct
return of the type specified above. The pulser circuit parameters are adjusted to
yield an exciting pulse that has a maximum peak amplitude I, and approximately
equal rise and fall times t = ;=T chosen as follows in order of preference:

a. Scaled values of I, T, based on laboratory electron spraying measurements on
materials of the same type as used on the spacecraft. The laboratory data are
scaled according to the area scaling laws given in Table 21 for FEP teflon,
mylar, fused quartz and kapton. For other types of materials it can be assumed
that:

T,(Drive) 1, (Drive)  A'"*(Spacecraft)
T,(Measured) 1 (Measured) A'"*(Test)

(19)

where T, (Measured) and |, (Measured) are the discharge pulse widths, and total
return currents (edge + back plane) for the test sample of area A (test). I (Drive)
and T, (Drive), are the corresponding current injection peak current amplitude
and pulse widths for an actual spacecraft material configuration with a dielectric
area A (Spacecratt).

b. On the basis of a coupling analysis whose source terms and method of
calculation yield the surface replacement currents for an excitation over the
critically stressed area produced by a blowoff discharge.

In all cases, the value of 1, so determined should be increased by 3 db to provide for
the 6 db overstress (energy) above those levels calculated by Method a or b.

2. Current is returned to the pulser at locations remote from the current injection area.

The response produced by the return at several different locations should be
determined. These locations should be chosen to provide maximum excitation of
points of entry for the coupling of electromagnetic energy into the interior of the
spacecraft adjacent to the excitation location.

3. The testing should be conducted by injecting current pulses with the correct t,, but

at an initial peak current L, which is 21 db below the amplitude as defined in 1.
The pulse amplitude should be increased in approximately 6 db steps until the level
defined in | (1, + 3 db) is reached. That at least three pulses be injected at each
level for each pair of excitation and return points is recommended.




Table 21.

Summary of Discharge Scaling Laws

I(A)= K|A(cm3)n' 1,(n8) = K,,A(cmz)np Q(uC) = K‘,A(cmz)""
Material K, n, K, n, k, n,
Teflon® 10 0.58 165 048 018 106
Kapton® 5.6 (.51 219 059 0.15 1.00
Mylar* 10 0.59 182 046 021 105
Fused silica” 081 06 )

a. [Balmain and Dubois, 1979]
b. [Wilkenfeld et al., 1981]

6.4.5.2 Capacitive Injection

o

. The critical stress points should be driven by capacitive injection that may either bc

through capacitive coupling with capacitive return or direct coupling with
capacitive return. The pulser circuit parameters should be adjusted to yield an
exciting pulse that has a first lobe peak amplitude I, and time to first zero crossing
t, chosen according to Method a or b given for direct injection.

The capacitive coupler or direct connections to the critically stressed area should
be designed to excite the same area as participates in the discharge. This may be
assumed to be the entire conductivity bounded dielectric surface.

The current retumn to the pulser should be through the capacitive coupling of the
test object to the common pulser test object ground plane, for direct injection or
through either direct or capacitive coupling for capacitive coupling of the pulser to
the test object.

The testing should be conducted by injecting current pulses with the correct t, but
at an initial peak current | that is 21 db below the amplitude defined in 1. The
pulse amplitude should be increased in approximately 6 db steps until the smaller
of the maximum attainable level or 3 db overstress level is reached. It is
recommended that at least three pulses be injected at each level for each point of
excitation.

If it is not feasible to capacitively drive the spacecraft at 1| + 3 db, then additional
internal sensors of the type described in the above sfmould be added to the
spacecraft at internal monitoring points in sufficient number to provide data to
determine whether the spacecraft would show improper responses if driven at full
criteria levels based on the susceptibility thresholds for systems and subsystems.
Subsystem electrical testing of those system components for which the above
analysis indicates negative safety margins at critical internal test points is
recommended to verify the analytical results.




Appendix A
Environments

The region of space dominated by the plasma surrounding the earth is called the
magnetosphere. A popular visualization of the magnetosphere is shown in Figure 64.

U
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Figure 64. Mugnetosphere geonwtry.
The plasma in the magnetosphere can be divided into three regions: (1) the

plasmasphere containing cool (less than | ¢V) plasma consisting of electrons, ions, and
oxygen ions, (2) the plasma sheet containing warm (5 keV) plasma, and (3) the radiation
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belts, with plasma energies up to several MeV. The auroral oval is that region where the
plasma from the plasma sheet and radiation belts extends to low-altitudes.

The space environments for which spacecraft charging is a concern are encountered in
geosynchronous and low-altitude, polar orbits. In either of these orbital regimes,
spacecraft charging results when a spacecraft encounters a plasma population associated
with a geomagnetic substorm—a warm plasma with particle energies in the 1-50 keV
range. The spatial and temporal variations of the plasma environment in either the
geosynchronous or polar regime are quite complex and a large body of work has been
devoted to characterization of those variations. (See the Bibliography.)

A.1 Geosynchronous Environment

Table 22 shows the environmental parameters at geosynchronous altitudes during a
quiet period.

Table 22.

Typical Environmental Parameters At Geosynchronous Altitudes
Plasma density 'm™
Plasing thermal energy 0.1eV
Debye length 20cm
lon species H
Ram ion current Sx 10 Am?
Ram ion energy 0.05eV
lon mach number 0.7
Magnetic field 107 Gauss
Debris und meteoroids Little

| Protwemusloncurrent | MpAm?

Spacecraft charging at geosynchronous orbit generally occurs when the spacecraft is
cnveloped in the “plasma cloud™ injected near local midnight during a magnetospheric
‘substorm. This plasma cloud may be characterized as low density (1-10 particles cm™")
with energies of 1-50 keV, in contrast to the “quict” plasma conditions of higher density
shown in Table 22. Since a substorm typically occurs every few hours, the conditions for
spacecruft charging at geosynchronous orbit cxist quite often. A geosynchronous
spacecrafl can be immersed in the substorm cloud for many minutes to hours, causing
possible durations of hours for geosynchronous charging cvents. When the plasma is thin
or tenuous, the spacecraft charges more slowly than when the plasma is dense. Table 23
shows environmental parumeters during a typical substorm.
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Table 23.
Environmental Parameters During A Typical Substorm

Charging current intensity 1to 10pA m™
Charging current directionality Isotropic
Charging plasma density 10°t0 10" m™
Characteristic plasma energy 1 to S0 keV
Spectrum Broadly distributed
Background plasma density No background plasma
‘Time spacecraft in most disturbed region 30 minutes

While the spectrum of a geosynchronous plasma is quite complex, it is usually
described in terms of a Maxwell-Boltzmann distribution—either a Maxwellian or a 2-
Maxwellian (two populations each represented by a Maxwellian distribution) for each
species. The first four moments of such a distribution then equate to the number density,
number flux. energy density, and encrgy flux, which can be compared to actual
observations. This parameterization of the plasma affords a convenient means of
describing the average plasma conditions, the standard deviation about that average, and
the worst case plasma conditions.

For risk analysis, the geosynchronous plasma can be described by a Maxwellian
{Purvis et al., 1984). Table 24 gives a 90th percentile Maxwellian repwsemmion of the
geosynchronous plasma environment. The probability of ob\ervmg given current

densities and temperatures of a given magnitude or larger are given in Purvis etal.
(1984].

‘uble 24,
Severe Geosynchronous Substorm Plea lzinvmnmem (from Purvis et al, {1984])
Quantity Valwe
Electron density 112em®
Proton density 0.236 cm’™
Gleciron temperature 1204eV
Proton temperature 3.5 keV
Eleciron current density 0.3 nA em™
Potoacorentdensity | 2SpAem? |

Figure 65 shows a Machllnm distribution function and a 2-Maxwellian distribution
function.
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Figure 65.  Spectrum for Mnxwelhun and 2-Maxwellian distributions. The parameters of the Maxwellian
dnsuibulion are 1.12 cm™ and 12 keV. ‘The parameters of the 2-Maxwellian distribution are
267 cm™, 3.1 keV, 0,625 cm™, and 25.1 keV. Note that the total flux for the 2-Maxwellian is
twice that of the Maxwellian,

The SCATHA satellite determined that significant levels of spacecraft charging
(greater than -100 V) can occur under the following conditions [Mullen and
Gussenhoven, 1982):

¢ Between 1900 and (900 Local Time

*  Any distance between 3R, and 7.8 R,

*  Any magnetic latitude between +19 and -19 degrees

¢  Any L-shell value between 5.5 and 8.6

*  Any period where K, 2 2+, where K, is the magnetic activity index.

Charging outside this region can occur at any time electron fluxes at energies between
about 30 and 70 keV exceed 6 X 10em *s'se'eViina plassa-sheet-type low-cnergy
paiticle environment.

A worst-case event occurred on March 13, 1989 at 0700 UT. the “Great Magnetic
Storm,™ where the magnuetosphere was compressed from 10 R, to 6.6 R, (Wilkinson.
1990]. Satellites in geosynchronous orbit were exposed directly o the solur wind. There

~were several other storms during the peak of the solar cyclke. These is no infonnation on
particle Mluxes or distribution functions below 2 MeV presently availuble.

When doing a post-anomaly analysis it is usually desirable to use an environmental
description that fits the actual enviroament. Two-Maxwellian distributions are belter
approximations to space plasmas than Maxwellian distributions (since they have more
frec parameters). This representation, in most cascs, fits the data quite adequately over the
cnergty range of importance 1o spacecraft charging. It incorpotales the simplicity of the
Maxwellian distribution while maintaining a physically rcasonable pictur: of the plasina

~ {Purvis ¢t al.. 1983).
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A.2 The Auroral Environment

The plasma environment of a spacecraft in low-altitude, polar orbit is more complex
than that of geosynchronous spacecraft. Table 25 shows the environmental parameters in
the auroral region. The auroral zones are characterized by visible auroral displays and
intense particle and field variations. The necessary conditions for charging appear to be a
thermal plasma density less than 10° cm™ and a high integral electren number flux for
energies greater than 14 keV.

Table 25.
Environmental Purometers in the Auroral Region during Quiet Times

— -~ m

[P

Plusma density 100 10 m™"
Plusma thermal energy Olev
Debye length 1 em
lonspecies 0", H', wwd others
Ram ion current Sx0*Am?
Ram ion energy SeVv

lon mach number 1
Magretic field 0.310 0.7 Guuss
Debris and wmeteoroids Significunt =
Photoemission curment HpAm?

The environment at auroral latitudes in the ionosphere is different from that of
geosynchronous orbit in two major ways. First, there exists a large reservoir of high-

density, cold plasma that tends to suppress charging effects by providing an ample source |

of neutralizing current. Second, auroral electrons are often observed to undergo field-
~ aligned acoelerations of several kilovolis. Severe charging environments at auroral
iatitudes are more intense. Since a low-altitude, polar-orbiting spacecraft is in the auroral
region only pant of the time, severe charging events occur less frequently than on
geosynchronous spacecraft. Table 26 shows the environmental pararmeters during an
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Table 26.
Environmental Parameters during Aurora

Charging current mun\uy | 100 mA m* ]
Charging current directionality Anisotropic
Charging plasma density 10°0 10’ m"
Characteristic plasma energy 1 to 100 keV
Spectrum Accelerated distribution
Background plasma density 10 w010°m”

Time spacecruft in most disturbed region Under | minute

Using several million high latitude spectra from the DMSP satellites, Hardy
et al.[198S) show two distinct regions of plasma. The hot plasma that causes spacecraft
charging is in an annular region about the pole. The plasma between the poleward edge of
the annular region and the pole is colder. -

The most severe charging eavironments for low-altitude, polar-orbiting satellites are
associated with westward traveling surges and invented-V events. Within the poleward

- bulge of the westward surge. significant numbers of electrons extending out to high
encrgies appear to be present. This indicates that the bulge region may be a severe
charging region. Whereas the westward traveling surge is generally localized to the night
side near local midnight, extending toward local dusk, the inverted Vs have been reported
at all magnetic local times [Lin and Hoffman, 1979a; Lin and Hoffman. 1979b]. Mullen -

- and Gussenhoven [1982] showed that the most severe charging events are associated with

strong Auxes with energies greater than 10 keV. In two inverted-V evenis in January,

1983, the sateilite was shown to charge significantly, and the charging level appwed 0

be directly correlated with the integeal flux of electrons over 10 keV. -

 The severe charging environments appear on the night side of the aurora and can have
electron current density values up to 10° nA ¢! and charscteristic cuergies of upwo

15 keV. The ambient thermal placma-—particles with energy under 2 eV—also varies. At
times, severe aurors can be accompanied by low ambient plasma deasity. It is dnnng '
these events that the highest spacecraft potentials develop.

The charging cvenats in the suroral region tend to be more intense than at
geosynchronous altitudes but are of shorter duration, tens of seconds rather that minuios,

Charging over 100 V is likely to occur under the rolkwmg conditions I(}mhom |
al.. 1985} _

* The plasma density tslmmm 10 cm*

¢ The mlegml aumber flux for eacrgics greater thas l4 keV is greater than
10 e 25 se)

. The highest potentials develop when them ix a severe !waluod dm.m! of ion plasma
density. This condilion occurs mm often dusing solar minimum coudmons (Frooaincks
and Sujka. 1992},
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One worst-case event was observed by the DMSP satellite on December 31, 1983
[Gussenhoven et al., 1985]. This event had the longest charging duration seen on any
DMSP satellite, 62 seconds [Yeh and Gussenhoven, 1987]. The spacecraft potential
reached a peak value of 462 V.

The measured parameters were as follows:

Thermal ion density 122cem™

Integrated flux of electrons 239 10 em? st v
Integrated flux of electrons (greater than 14 keV) 203 x 10 em? s e
Integrated flux (ion peuk) L 10 em s et

Fontheim ot al. [1982) suggested that high-latitude precipitating clectrons that would
be expected to influence spacecralt charging significantly could be represented by the
superposition of three distributions: a power law, a Maxwellian, and a Gaussian. Analytic
functions are easily manipulated to find the charging potential of a spacecraft and provide
physical parameters that give insight to the nature of the precipitating electron
environment. The sum of three distributions is used to fit the energy spectra of
precipitating electrons. ‘

| GE)=D, +O, +0, o 20y
“where
°'E{A,a . En.sEsrﬁw an
0,
i E .
¢- m-ﬁz'x‘m' ﬂ"e';;‘s‘!! b (22)
(u.r .

@, represcrs a power law popul:uicm linked fo the encrgy of the ptectpsmmg privaary
clectron beaim, composed of secondarics and backscaticred primanies. O represchis &
Maxwollian distribution with tompeniture 0 describing the ambient flux For medium and
high encrgics. O, reprosents auron! enhancements that can best be described by a
Gaussiand&unbuuou thmwshowsa!whmmdmhuum - '
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Figure 66. Fontheim distribu‘ion for A =3x 10" m*, = 1.1, E,, =50 eV, E,,, = 1.6 x 10°, n=6x 10°
I T

m' =8keV.A,=4x10°m’E, =24 keV, A= 16keV.

Fonth«im distributions for most environments have the parameters given in Table 27.

Table 27.
Typical Fontheim Distribution Parameters
{Barker, 1986]
Eq 10-20 eV
E. 1 keV
o 2545
A 1-10 keV
E, 5-15keV
) 10-10"m'
KT ] 1-20keV |

The parameters A and A can be expressed through p, and pg that express the fraction
ot current contained in the power and Gaussian portion of the distribution:

] )
S L 24
T L, PeTT e )

A3 Effect of Electron Energy on Charging

In Chapter 2 specific envirenments are given for use in hazard analysis. Figures 67 and
68 show how charging is affected by how energetic the environment is. Figure 67 shows
Matchg results of the cquilibrium potential for spheres in environments of different
energies. For most materials, over most of the temperature range, the equilibrium
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potential increases roughiy linearly with temperature. Some materials show a threshold
effect, where little charging occurs until a threshold temperature is reached. The threshold
effect seen here for some materials is an example of the threshold effect seen on all
spacecraft [Lafremboise ard Kamitsuma, 1983; Lai et al., 1983: Olsen, 1983].

Eiactron Temperature (keV)
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—X— Screen  ——X—— Silver —t— Si0z s Solar
Tetlon

Figure 67. Equilibrium potential of a sphere in a geosynchronous substorm as a function of substorm
energy for various materials. The environment is the severe substorm environment except for
the electron and ion Maxwellian temperatures. Their ratio is kept constant for all the
calculations. :

Figure 68 shows suchgr results of the equilibrium potential for |-meter-radius spheres

in auroral environments of different energies. The equilibrium potential increases slightly
faster than linearly and no threshold effect is seen in this range of energies.
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Figure 68. Equilibrium potential of a sphere in an aurora as a function of aurora energy for various

materials. The environment is the severe auroral environment except for the electron
Maxwellian temperature, the upper and lower cutoffs of the power law, and the energy the

Gaussian is centered about. The ratio between these quantities is kept constant for all the
calculations. v
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Appendix B
Material Properties

The properties of the spacecraft surface materiais determine the charging rates and
total charging of spacecraft. The properties used in the calculations are the secondary
emission yield, the backscatter yield, the photoelectron yield, the conductivity, the
dielectric constant, and the thickness. The models described here are those used by the
NASCAP/GEO and POLAR codes.

B.1 Secondary Electron Emissicn Due to Electron Impact

Secondary electrons are those emitted from a surface, with energies below 50 eV, due
to the impingement of higher energy particles. Their energy distribution is usually peaked
below 10 ¢V. The secondary yiceld, 8, is the ratio of primary to secondary electron
current.

5= emitted secondary current due to electron impact

- (25)
primary electron current

The secondary electron emission yield, 8, can be calculated using the empirical
formula [Katz et al., 1977a}:

R

§(6)=C f dE

o (dX

c-uxcusedx (26)

where x is the path length of penetration of a primary electron beam into the material, R
is the “range,” or maximum penetration length, and 0 is the angle of incidence of the
primary electron.

This equation is based upon a simple physical model [Hackenberg and Brauer, 1959]:
1. The number of secondary electrons produced by the primary beam at a distance x
is proportional to the energy loss of the beam or “stopping power” of the material,
dE
S(E) =|—
(E) i
2. The fraction of the secondaries that migrate to the surface and escape decreases
exponentially with depth (f = ¢ “* %), Thus only those produced within a few
multiples of the distance 1/a (the depth of escape) from the surface contribute

significantly to the observed yield.
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The stopping power for incident electrons of energy E is related to the range of these
electrons through the equation
|dE‘ drR["
S(E)=—=|—] 27
) dx dE‘ @

The usual formulation for the range is that it increases with the energy, E, of the
incident electrons in a way that approximates a simple power law [Feldman, 1960]:
R =bE" (28)
where 1.0<n <2.0.

Because the primary beam loses energy as it passes through the material, E, and
S(E,, x) (where E, is the initial electron energy) depend on the path length x. The

stopping power can be written as
dR -1 1 b i-1/n

dx R-x
Figure 69 shows S(E, x) plotted against x for several values of E,. Inspection of
Figure 69 and the equation for S(x) illustrates the following points:

1. S(E, x) increases with x, slowly at first, before reaching a singularity as x
approaches R.

dE

S(E,.x)=

2. The initial value of S(E,, x) decreases with increasing initial energy E, .

Both of these observations are due to the decrease in electron-atom collision cross-
section with increasing energy.
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Figure 69. Energy deposition profiles of normally incident primary electrons for four incident energies
Ey, Ej, EY, and E; and corresponding yield curve.

The yield is only sensitive to the details of the stopping-power depth-dependence for
initial energies with ranges of the same order as the escape depth, R ~ 1/a (i.e., about the
maximum of the yield curve). For lower energies, R << /o, essentially all the primary
energy is available for detectable secondary production, leading to a linear increase in
yield with increasing E,. At higher encrgies, where R >> l/a, S(E. x) remains almost
constant over the depth of escape. Therefore along with S(E, x) the yield decreases as E,
increases.

Taking this into account, the stopping power can be approximated by a linear
expansion in x, about x = 0.

-1 A
dE [ dR d*R Y[ dR

—_—=|—| == x.

i (ds) (dE:‘.)(d&.) ' o0
Equation 28 does not adequately describe the available experimental data. The range

has different exponents for low energy and high energy. A biexponential range law with
four parameters b, b,. n,, n,fits the experimental data better.

R=b,E,'+b,E}' . a1

For materials where no suitable data is available, a monoexponential form can be
generated using Feldman's empirical relationships {Feldman. 1960), connecting b and n
to atomic data.

b=250A/pZ"" (32)
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n=12/(1-0.29 log,,Z) (33)

where A is the atomic or molecular weight of the material, Z is the atomic number, and ¢
is the density in gm cm”. Then E is in keV and R is in angstroms in Equation 28, Tiie
stopping power is then obtained indirectly with the eyuation above. Theorstical estimates
of the stopping power for a number of materials are available from Ashley et al. [1978].
Comparison of these values with those implied by the range data showed significan:
discrepancies, particularly for those materials fit using Feldman’s formula. The best
approach is to fit the four parameters in the equation for R directly to the stopping power
data.

S=(n, b E"" +n, b, E"")". (34)

Burke et al. [1970] propose a relationship between secondary emission due to electrons
below 1 keV and secondary emission due to higher energy particles, including gamma
radiation from Co®,

B.2 Secondary Electron Emission Due to Ion Impact

Secondary emission of electrons due to ion impact can be treated in a way similar o
that for electron impact. The yield A is given by

t
A(O) = Cf e -umuedx . (35)
0

dE
dx

The stopping power is assumed to be independent of path length x over the thickness,
t. of the sample. At low energies the stopping power is proportional to the velocity, and at
high energies it is inversely proportional to the velocity [Stemglass, 1957).

9_§ -_.@.E_m_._ . (36)
dx| I+E/E,

E,.. is the energy at the maximum in the yield curve. This is approximately S0 keV for
most materials. The yield curve for aluminum is shown in Figure 70.
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Figure 70. Secondary electron emission by aluminum for proton impuct at normal incidence:
experimental points as indicated.| Aurset et al., 1954; Cousinie et al., 1959; Foti et al., 1974:
Hill etal., 19391

B.3 Backscatter

Backscattered electrons are those emitted from the surface with energics above 50 eV,
Their energy distribution is usually peaked close to the primary incident energy and they
may be considered as reflected electrons.

The NASCAP/GEO and POLAR codes use a backscattering theory [Katz et al., 1977b)
based on that of Everhart [1960] as extended by McAfee [1976). It assumes a single
scattering in accordance with the Rutherford cross-section and the Thomson- W:ddmgton
slowing down law,

dE

8—0
dx (&7
(valid for most metals for E > 10 keV). For normal incidence the bnckecaltering
coefficient is given by
n=1 -(3) (38)
¢

where a is taken to be 0.0375 Z and where Z is the atomic aumber of the uuumal This
expression matches the experineatal data,
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The large-angle scattering theory, together with Monte Carlo data and experiments by
Darlington and Cosslett [1972] indicate that the angular deperdence of backscattering is
well-described by

n(0)=1, exp[n, (1 - cosB) ] 39)

where the value of 0, is, within the uncertainty in the data, what would be obtained by
assuming total backscattering at glancing incidence, , = -log n,,. The net albedo for an
isotropic flux is then

1-n,(1-logn,)
A =2 — . 40
(togn, )’ “

As the energy is decreased below 10 keV, the backscattering increases. Data cited by
Shimizu [1974] indicate an increase of about 0.1, almost independent of Z. This
component of backscattering can be approximated by

on, =0.1exp{-E/SkeV]. @l

At very low energies, the backscattering cocfficient becomes very small and., below
SO ¢V. backscattering and sccondary emission are indistinguishable. This can be taken
into account by a factor of

e(e-sow)[l ]'og(SOF;V) (42)

The formula for energy-dependent backscattering, incorporating these assumptions., is
then ' '

q,=[eu-s)e(a-o.os{" g’ ) (0 os)m(:-: |)) {—ﬁ‘-n (z]m]mn

where encrgies are measurcd in keV.

B4 Photoemission
Usually the quantity knowa is the yield, or number of electrons emitted for a surface

normally exposed to the solar spectrum, an “carth distance™ from the sun. The
photocurrent from a surface exposed to the sun al an angle 0 is given by the fonmula

ws =(Arcacxposed)- Y -cosd . : 34)

This assurmcs that the yield per photon is, on averuge. indepeadent of 0.
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B.S Conductivity

The bulk conductivity o, is usually constant. The conductivity can be enhanced by
fields across the dielectric film and by high energy electron fluxes.

B.S.1 Field-Induced Conductivity

Consider a thin dielectric film of thickness d covering an underlying conductor. If the
potential of the diclectric surface V, differs from the potential of the conductor V., current
will flow from the surface to its underlying conductor due to bulk conductivity.

I,=GAV=G(V,-V,). (45)

G is the bulk conductance of the sample in mhos. If 6 is the conductivity in mhos m™ and
A is the arca of the sample in m*.

Gz —— (46)

| =~ M‘ ' - (47)

. d

I, depends on (V V,) in a nonlinear way due to the clecmc field cnhnncemem ofc.
A.tsmnmg a thin film, lhe field E is given by

Botgt. | | (48)
Ademec and Calderwood {1975) have shown that o depends on E in the- following
way: ' ,
-~ ol®)=:[24com BlEY
AT _ _
where |

B.*—*(Jﬂt]m | - 6o

RE

and q is the change o the elcctron and & is the diclectric coastant of the mateial.




B.S.2 Radiation-Induced Conductivity

Diclectric materials have characteristically small bulk conductivitics due to their
electron band structure. Unlike metals, the delocalized conduction bands are empty at
normal temperatures and electrons are strongly localized in the regions close to individual
nuclei. However, under the influence of an exciting source, nonconducting ¢lectrons can
be promoted into the conduction bands, leading to an increase in the bulk conductivity.
High energy electrons passing through the dielectric provide such an excitation source.

Studies {Schnuelle ct al.. 1981] suggest that the penetrating fluxes may influence the
degree of differential charging by increasing the bulk conductivity. This enhancement due
to high energy electron fluxes is described as the “radiation-induced™ conductivity o,.

Frederickson [1977) has expressed O, in terms of the dose rate Dand two parameters k
and A.

6, =kD?* (s1)

k and A are characteristic of cach material and A vsually lies between 0.5 and 1,0. The
~ dose rate can be esnmaled from the stopping power S for clectrons in the medium of
interest, ,

S(E)= %2 . (52)

The dose rate is measured as energy deposited per unit mass per second (i.e..
rad s~ = 100 erg g 5°'). Stopping power is measured as energy deposited per particle per
unit thickness of the sample. Dividing S(E) by the density p of the sample gives the
- energy deposited per particle per unit mass of the material multiplied by unit arca. The
product of this quantity with the flux (paﬂicles pet unit arca per second) gives the
required dose mc

omau—%‘i | (53
- The flux of incident elecirons due 10 a plasa with distribution fuction {(E) is given
by: : ' ' .
s [ | _ .
{uf) = -';:—3 I l»:_l“(E)dE - ' | (89
D= ;:-Ja {(E)S{E)dE . ' (35)

Auunmanwdds(muwmywmmoﬂugbcm ﬂmmwamlmcm
mcasured. All show a Maxwellian like behavio. i.c..
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M2
f(E)= N( T] e . (56)

The AE3 model [Hilbert, 1979] implics a value of 3 x 10° m* for the density N and
2.5 x 10* keV for the temperature T at geosynchronous orbit. Electrons in this encrgy
range are relativistic; i.e., their velocity is close to that of light and so the weight function
E in the integral above should be replaced by me’. This is confirmed by a plot of <af>
against E, which shows the same exponential behavior.

. LV
D:EP_.N(_'_‘.‘_) je'“'*S(E)dE (57
L 1]

(where we assumkd the contribution from nonpenetrating electrons with energies below
S0 keV is negligible.)

The dose rate is calculated for cach material by mtegratmg the above equation from
50keV to 4 T. If all energies are in keV and S(E) is in keV A" and | is the value of the
integral:

w
s : .
D= VA - 58
pmN(Z T) 'l keV:A (58)
Substituting: | |
L o g
D=138x 10 p,rv.ms . | ;5_9) N

 whereNisinm,p isin kg ', and T is in keV.

" Frederickson [1977) has pointed out that k is ofien known to within only 2 onders of
maguimde and A values are m:ually civse to 1. Reasonabie values of k = 1 x 10" mhos
™ rad 877 = 1 10 mhos ' (7 s ') and A = 1, The density of platties and other

insulators depends very mwch on the parvicular sample aud wanufacturer. A wamablc
valw;s I x lO‘kgm
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Appendix C
Calculations Shown in the Text

C.1 Yields and Current Voltage Relations

Matchg is used to compute the yiclds and current-voltage relations shown in Figures
7. 8, and 9 of Chapter 2. The change environment command is used to set the
environment to the severe substorm environment. The surface material is set to be kapton
and the default properties displayed. A table and then a plot of the secondary and
backscatter emission coefficients are requested. The range of potentials for which
currents are to be calculated is set and then a current-voltage table and plot are requested.
A table and a plot of potential and current as a function of time are requested. And finally
a summary of potentials and currents before and after charging is requested. Similar
information is requested for silver. For additional information on the use of Matchg see
Mandell. et al. [1984].

WELCOME TO 'MATCHG', A MATERIAL CHARGING
PROGRAY. TYPE 'HELP® AT ANY TIME FOR ASSISTANCE.
MATERIAL IS GOLD

ENVIRONMENT NOW SINGLE MAXWELLIAN

change envi tel 12
ENVIRONMENT IS A SINGLE MAXWELLIAN

ELECTRONS: NE1
IONS : NI

1.00E+06 (M**-3) TE1l = 12.000 KEV
1.00E+06 (M**-3) TIl = 1.000 KEV

change envi til 29.5

ENVIRONMENT IS A SINGLE MAXWELLIAN

ELECTRONS: NE1 = 1.00E+06 (M**-3) TE1l = 12.000 KEV
IONS : NI1L = 1,.00E+06 (M**-3) TI1l = 29.500 KEV
change envi nel 1.12e6

ENVIRONMENT IS A SINGLE MAXWELLIAN

ELECTRONS: NE1 = 1.12E+06 (M**-3) TEl = 12.000 ¥EV
IONS : NI1 = 1.00E+06 (M**-3) TI1 = 29.500 VYEV
change envi nil .236e6

ENVIRONMENT IS A SINGLE MAXWELLIAN

ELECTRONS: NE1 = 1.12E+06 (M**-3) TEL = 12.000 ¥ev



IONS : NIl = 2.36E+05 (M**-3) TIl = 29,500 KEV
list angle

ANGULAR DISTRIBUTION IS ISOTROPIC

list eaigsion

EMISSION FORMULATION IS ANGL.

change mate kapt

MATERIAL IS kapt

list progezties all

MATERIAL = kapt.

PROPERTY ' ~ INPUT VALUB CODE VALUE
1 DIELECTRIC CONSTANT 3.50E+00 (NONE) 3.508+00 (NONE)
2 THICKNESS 1.27E-04 METERS 1.275-04 MESH
] CTAIDUCTIVITY 1.00B-16 MHO/M _ 1.00E~16 MHO/M
& ATONIC NUMBER . 5.00E+00 (NONE) 5.00E+00 (NONE)
5 DELTA NAX>COEFP 2.10E«00 (NONEJ . 4.06E+0) (NONE)
3 E-NAX >DEPTH®*-) 1.50B-01 KEV 8.74E-02 ANG-01
1 RANGE 7.15E+01 ANG. 4.29E+0) ANG.
8  EXPONENT™ RANGE © 6.00E-01 (NONE) 5.52E+02 ANG.
9 RANGE> EXPORENT 3.126+02 ANG. - 6,008<01 (NONE)
10 EXPONENT 1.77E+00 (NONE} 1.77E+00 (NONE)
11 YIELD PGR IKEV PROTONS . &.3SE=01 (NOME) 4.558-01 (NONE)
12 - MAX DR/DX FOP PRUTONS - 1.40E+02 KRV 1.40E+402 KEV
1n PHOTOCURRENT = 2.008-09 A/N**2 2.00E-05 A/N**2
a4 SURPACE RESISTIVITY 1,308+16 OIS B.85E«04 V-5/Q
tadle all
TABLE GENERATED USING ;smnén):t. SEC. - EL. BRSCAT. PR. 3B2.
- 0.100 2,484 0.16% 0.036 o
- 9.200 ©38) - 0.830 0.0%3
90.380 3.8y 0.262 0.082
0.408 2.142 ¢.282 0.072
. bS8 2.460 T0.296 . 9,090
Cg.800 - - g.219 % 1 1 0.144
0906 - 2.019 - 0.319% 0.1
0.800 - 1 ésp , 0.322 T 0.2¢0
P08 0 1.8%2 G0y .38
2.0 e.96% . 0.31% - 9.Esd
- 380 R I 3] T.9.302 : -1
- #.,990 - E.51) oL 0,29 1.53%
% 356 B33 - D.2me 1.7
%500 $.402 BRI I¥- 3 J- X 5 B
CU7:000 gLy $.26% CE.292
‘%.§89 RN 9.299 2.3178
9.085 - 0.3 J9.2%4 - 51
16.608 0. 28% 9.3%9 2.68%
0. ¢80 NIy B N3 1] 3.561
38,008 G132 - 0.3 4.10%
19,060 6.09% - 0.2 3.47%
w $oo o.083 . 6.332° 4.741
4.008+00s
H
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3.00E+00~
. 1
*
&
I
It
2.00E+00+*
IQ
Il
I
I
I
1.00E+00+ *
I
I *
I * k&
I * k&
I * * *
0.00E+00*---~muunun [, Femme—en e dmmmm e LT . +
0.0E+00 10.00 20.00 30.00 40.00 50.00 60.00
YIELD (FRACTION) VS. ENERGY (KEV)
changs vend -30
VEND = -3,00E+01 KEV
table iv
v JTOT JE JSECE JBSCAT JI JSECI
0.00E+00 -1.62E-06 -3.30E-06 7.33E-07 8.0lE-07 2.54E-08 1.14E-07
-1.43E+00 -1.42E-06 -2.93E-06 6.51E-07 7.11E-G7 2.66E-08 1.20E-07
-2.B6E+00 -1.23E-06 -2.60E-06 5.78E-07 6.31E-07 2.79E-0B 1.25E-07
-4.29E+00 -1.07E-06 -2.31E-06 5.13E-07 5.60E-07 2.91E-08 1.31E-07
-5.71E+00 -9,22E-07 -2,05E~-06 4.55E-07 4.978-07 3.03E-08 1.37E-07
-7.14E+00 -7.91E-07 -1.82E-06 4.04E-07 4.41E-07 3.15E-08 1.44E-07
-8.57E+00 -6.73E-07 -1.61E-06 3.59E-07 3.92E-07 3.28E-08 1.50E-07
-1,00E+01 -5.68E-07 -1.43E-06 3.19E-07 3.488-07 3.40E-08 1.S6E-07
-1,14E+01 -4,73E-07 -1.27E-06 2.83E-07 3.09E-07 3.52E-08 1.63E-07
-1,29E+01 -3.88E-07 -1.13E-06 2,.51E-07 2.74E-07 J3.64E-08 1.69E-07
-1.43E+01 -3.11E-07 -1.00E-06 2.23E-07 2.43E-07 3.77E-08 1.76E-07
~1.57E+01 -2.42E-07 -8.90E-07 1.98E-07 2.16E-07 3.89E-08 1.83E-07
~1.71E+01 -1.79E-07 -7.90E-07 1.76E-07 1.92E-07 4.01E-08 1.89E-07
-1.86E+01 -1.23E-07 -7.01E-07 1.56E-07 1.70E-07 4.13E-08 1.96E-07
~2.00FE+01 -7.15E-08 -6.23E-07 1.35E-07 1.51E-07 4.26E-08 2.03E-07
~2.14E+01 -2.50E-08 -5.53E-07 1.23E-07 1.34E-07 4.38BE-08 2.10E-07
-2.29E+01 1,75E-08 -4.91E-07 1.09E-07 1,198-07 4.50E-08 2.17F-07
~2.43E+01 5.62E-08 -4.36E-07 9.69E-08 1.06E-07 4.62E-08 2.24E-07
-2.57E+01 9.16E-08 -3.87E-07 8.60E-08 9.39E-08 4.75E-08 2.31E-07
-2.71E+01 1.24E-07 -3.43E-07 7.64E-08 8.34E-08 4 .87E-08 2.38E-07
-2.86E+yl 1.54E-07 -3,.05E-07 6.78E-08 7.40E-08 4.99E-08 2.45E-07
plot iv
1.00E-06+
I
I
I
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.00E-07+
I
1
IQ'Q
.00E+Q0~
I
1
X I
C--S.00E-07+
1
I
I
~1.00F-06+
. ) 1

Vi

(& ]

c =2, 00E-08+-m mrmmme R i i Ll TR drm e e DT L Lt +

~-30.00

change vend ~1

VEND = -1.00E+00 KEV

table charge

T (SEC) Vv (VOLTS)
0.00E+00 0.00E+00
3.61E+02 - =2.07E+03
7.21E+402 -3.80E+03.
1.08E+03 ~5.28BE+(3
1.44E+03 -6.57E+03
1.80E+03 -7.70E+03
2.16E+03 -8.71E+03
.2.52E+03 -9.628+03
2.89E+03 ~1.04E+04
3.25E+03 -1.12E+04
3.61E+03 -1.18BE+C4
3.97E+03 -1.2%E+04
4.33F+03 -1.30E+04
4.69E+03 ~1,36E+04
5.05E+03 -1.41E+04
“6.41E+03 ~1.45E+04
5.77E+03 ~1.49E+04
6.13E+03 -1.53E+94
6.49E+03 -1.57E+04
6.85E+03 -1.60E+04
7.21E+03 -1.63E+04
7.57E+03 ~1.66E+04
7.93E+03 -1.69E+04
8.30E+03 -1.72E+04
8,66E+03 -1.74B+04
9.02E+03 -1.77E+04
9.38E+03 -1.79E+04
9.74E+03 -1.81E+04
1. 01E+04 -1.83E+04
1.05E+04 ~1.85E+04

-20.00

-10.00

0.0E+00

CURRENT (AMPS) VS. VOLTAGE (KEV)

I(AMPS/M**2)

~1.67€-07
~1.578-07
-1.498-07
~-1.40E-07
-1.33E-07
~1.25E-07
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1.08E+04 -1.87E+04 -1.198-07

1.12E+(4 -1.88E+04 ~1.12E-07
31.15E+04 -1 90E+04 -1.07E-07
1.198+04 -1.92E+04 -1,01E-07
1.23:+04 -1.93E+04 . -9.59E-08
1.265:+04 ~-1.94E+04 -9.11E-0R
1.30B+04 -1.96E+04 -8.65E-08
1.33E+04 -1.97E+04 -8.22E-08
1.37E+04 -1.93E+04 -7.81E-08
1.41E+04 ~-1.99E+3, -7.43E-08
1.44E+04 -2.00E+04 ~7.06E-08
1.48E+04 ~-2.901E+04 ~6.72E-08
1.51E+04 -2.02E+04 -5.40E-0R
1.55E+04 -2.03E+04 -6.09E-08
1.538+04 -2.04E+04 -5.80E-08
1.62E+04 ~2.05E+04 -5.53E-08
1.66E+04 ~2.06E+04 -5.27E-08
1.70E+04 -2.06E+04 -5.02E-08
1.73E+04 -2.07E+Q4 -4 .79E-08
1.77E+04 ~-2.08E+04 ~4.57E-08
plot charge
1.00E+04+
I
I
I
I
I
0.00E+CQO*
. 1*
I *
I * &
I *w
I * &
~-1.00E+04+ il
I *h
I hhkt
I w ok
I (22X 2 XZ 3
I (222X 22 X222
_2.00E*04+ (223 AR RN R 2RSSR R R
I
I
I
I
I
~3.00B+044-~cmummaun L dmem——— e rem———— dommmmm—— +
0.0E+00 3000, 6000. 9000. 1.2E+04 1.5E+04 1.8E+04

POTENTIAL (VOLTS) VS TIME (SECONDS)

result charge

CYCLE 1 TIME 0.00E+00 SECONDS POTENTIAL 0.00E+00 VOLTS
INCIDENT ELECTRON CURRENT ~-3.30E-06

SECONDARY ELECTRONS 7.33E-07

BACKSCATTERED ELECTRONS 8.01E-07
INCIDENT PROTON CURRENT 2.54E-08
' SECONDARY ELECTRONS 1.14E-07
BULK CONDUCTIVITY CURRENT 0.00E+00




NET CURRENT -1.62E-06 AMPS/M**2
CYCLE 99 TIME 1.77E+04 SECONDS POTENTIAL -2.08E+04 VOLTS
INCIDENT ELECTRON CURRENT ~5.84E-07
SECONDARY ELECTRONS 1.30E-07
BACKSCATTERED ELECTRONS 1.42E-07
INCIDENT PROTON CURRENT 4.32E-08
SECONDARY ELECTRONS 2.07E-07
BULK CONDUCTIVITY CURRENT 1.64E-08

NET CURRENT -4.57E-08 AMPS/M**2
change mate silver
MATERIAL IS silv
list properties all

MATERIAL = silv.

PROPERTY INPUT VALUE CODE VALUE

1 DIELECTRIC CONSTANT 1.00E+00 (NONE) 1.00E+00 (NONE)

2 THICKNESS 1.00E-03 METERS 1.00E-03 MESH

3 CONDUCTIVITY ~1.00E+00 MHO/M ~1.00E+00 MHO/M

4 ATOMIC NUMBER 4.70E+01 (NONE) 4.70E+01 (NONE)

5 DELTA MAX>COEFF 1.00E+00 (NONE) 3.09E+00 (NONE)

6 E-MAX >DEPTH**-1 8.00E-01 KEV 1.58E-02 ANG-01

7 RANGE 8.45E+01 ANG. 6.93E+01 ANG.

8 EXPONENT> RANGE 8.20E-01 (NONE) 1.38E+02 ANG.

9 RANGE> EXPONENT 7.94E+01 ANG. 8.20E~01 (NONE)
10 EXPONENT 1.74E+00 (NONE) 1.74E+00 (NONE)
11 YIELD FOR 1KEV PROTONS 4.90E-01 (NONE) 4.90E-01 (NONE)
12 MAX DE/DX FOR PROTONS 1.23E+02 KEV 1.23E+02 KEV
13 PHOTOCURRENT - 2,90E-05 A/M*+*2 2.90E-05 A/M**2
14 SURFACE RESISTIVITY -1.00E+00 OHMS -8.85E-12 V-5/0Q

table all
TABLE GENERATED USING ISOTROPIC INCIDENT FLUX
ENERGY (KEV) EL. SEC. EL. BKSCAT. PR. SEC,
0.020 0.061 0.000 0.017
0.040 0.120 0.000 0.024
0.060 0.178 0.139 0.030
0.080 0.234 0.218 0.03%
0.100 0.289 0.266 0.039
0.120 0.342 0.302 0.042
0.140 0.394 0.330 0.046
0.160 0.444 0.353 0.049
0.200 0.541 0.390 0.055
0.400 0.935 0.493 0.077
0.600 1.194 0.547 0.15%
0.800 1.341 0.582 0.280
1.000 1.411 0.608 0.404
1.200 1.446 0.605 0.522
1,400 1.428 0.603 0.634
1.600 1.391 0.600 0.739
1.800 1.345 0.598 0.837
2.000 1.29% 0.596 0.930
4.000 0.903 0.577 1.647
6.000 0.696 . 0.565 2,149
8.000 0.573 0.556 2.542
10.000 0.491 0.551 2.866
plot secon




1.50E+00+
Ii
Ii
I**
» Ix*
1.20E+00+*
I

* *

I

*

9.00E-01+ *

3.00E-01* *
I *
I *
I *
I
0.00E+00*--cwwoua-- R R R Hommmmromo R ettt +
0.0E+00 10.00 20.00 30.00 40.00 50.00 60.00
YIELD (FRACTION) VS. ENERGY (KEV)

change vend -30

VEND = -3.00E+01 KEV
table iv
\'4 JTOT JE JSECE JBSCAT JI JSECI
0.00E+00 -~1.37E-07 -3.30E-06 1.22E-06 1.80E-06 2.54E-08 1.18E-07
-1.43E+00 -9.83E-08 -2.93E-06 1.08E-06 1.60E-06 2.66E-08 1,624E-07
-2.86E+00 -6.32E-08 -2.60E-06 9.58E-07 1.42E-06 2.79E-08 1,30E-07
~-4,29E+00 -3.10E-08 -2.31E-06 8.51E-07 1.26E-06 2.91E-08 1.36E-07
-5.71E+00 ~1.44E-09 -2.05E-06 7.55E-07 1.12E-06 3.03E-08 1.42E-07
-7.14E+00 2.57E-08 -1.82E-06 6.70BE-07 9.93E-07 3.15E-08 1.49E-07
-8.57E+00 5.08E-08 -1.61E-06 5,95E-07 8.81E-07 3,28E-08 1,55E-07
-1,00E+01 7.40E-08 -1.43E-06 5.28E-07 7.82E-07 3.40E-08 1.,62E-07
-1.14E+01 9.56E-08B -1.27E-06 4.69E-07 6.95BE-07 3.52E-Q08 1.68E-07
-1,29E+01 1.16E-07 -1.13E-06 4.16E-07 6.17E-07 3.64E-08 1.75E-07
-1.43E+01 1,34E-07 -1.00E~06 3.70E-07 5.478B-07 3.77E-08 1.82E-(07
-1,57E+01 1.52E-07 -8.90E-07 3.28E-07 4.86E-07 3.89E-08 1.89E-07
~-1,71E+01 1,69E-07 -7.90E-07 2.91E-07 4.31E-07 4.01E-08 1.96E-07
-1.86E+01 1.84E-07 -7.01E-07 2.59E-07 3.83E-07 4.13E-08 2.03E-07
-2,00E+01 1.99E-07 -6.23E-07 2.30E-07 3.40E-07 4.26E-08 2.10E-07
. -2.14E+01 2.13E-07 -5.53E-07 2.04E-07 3.02E-07 4.38E-08 2,17E-07
-2.29E+01 2.27E-07 -4.91E-07 1.81E-07 2.68B-07 4.S0E-08 2,24E-07
-2,43E+01 2,40E-07 -4.36E-07 1.61E-07 2.38E-07 4.62E-08 2,31E-07
-2.57E+01 2,52E-07 -3.87E~07 1.43E-07 2.11E-07 4.75E-08 2.38E-0Q7
-2,71B+01 2,64E-07 -3.43E-07 1.27E-07 1.87B-07 4.87E-08 2.45E-07
-2.86E+01 2.76E-07 -3.05E-07 1.12E-07 1.66E-07 4.99E-08 2.52E-07
-
plot iv
3.00B-07+

Ii
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I *
I
I
~2.00E-074-~~rmemccnna R L L L $o e ——— trmmmne v — .- +
-30.00 -20.00 -10.00 0.0E+00 10.00
CURRENT (AMPS) VS. VOLTAGE (KEV)

change vend -1

VEND = -1.00E+00 KEV
table charge
v T (SEC) V (VOLTS) I(AMPS/M**2)
* 0.00E+00 0.00E+00 -1.37E-07
1.55E+02 -1,76E+03 -8.99E-08
3.10E+02 -2.94E+03 -6,11E-08
‘ i 4.66E+02 ~3.76E+03 -4,25E-08
- - 6.21E+02 -4 .34E+03 -2.99E-08
7.76E+02 «4,74E+03 -2,12E-08
9.31E+02 -5.03E+03 -1,52E-08
¢ 1.09E+03 «5.24E+03 -1.09E-08
. 1,24E+03 -5.39E+03 -7.87B-09
1.40E+03 -5.50E+03 -5.68E-09
o 1.55E+03 -5.58E+03 -4.11E-09
’ 1.71E+03 -5.64E+03 -2,98E-09
1.86E+Q2 -5.68E+03 -2.16E-09
2.02E+03 -5.71E+03 -1,57E-09
2.17E+03 ~5.73E+03 -1.14E-09
2.33E+0) ~5.75E+03 -8.26B-10
2,48E+03 -5.76E+03 -6.00E-10
2,64E+03 -5.77B+03 -4,36E-10
2.79E+03 -5.77E+03 -3.17E-10
“ 2.95E+03 -5.78E+03 -2.30B-10
plot charge
1.00E+Q3+
b
I
0.00E+00*
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I
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I
I *
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I (AR 2R 2 X2 - *
-6 . 00E+03 4o momeaan R et e Fommemem e R +

0.0E+00 2000. 4000. . 6000. 8000.
POTENTIAL (VOLTS) VS TIME (SECONDS) .

result charge

CYCLE 1 TIME 0.00E+00 SECONDS POTENTIAL 0.00E+00 VOLTS
INCIDENT ELECTRON CURRENT -3.30E~-06
SECONDARY ELECTRONS 1.22E-06
BACKSCATTERED ELECTRONS  1.R0E-06
INCIDENT PROTON CURRENT 2.94E-08
SECONDARY ELECTRONS 1.187-07
NET CURRENT -1.37E-07 AMPS/M*+2
CYCLE 40 TIME 7,.61E+03 SECONDS . POTENTIAL -5.78E+03} VOLTS

INCIDENT ELECTRON CURRENT -2,04B-06
SECONDARY ELECTRONS 7.51E-07
BACKSCATTERED ELECTRONS: 1. 11E-06

INCIDENT PROTON CURRENT - 5.04B-08
SECONDARY ELECTKONS ~1.438-07.

---------------

NET CURRENT -1.968-10 ANPS/N**3
exit -

C.2 Equilibrium Potential of Spacecraft in Aurora

Suchgr is ined to compute the current-voltage relation shown in Figure 10 in Chapter
2 and the poteatials shown in Table 2 i Chapter 2. The environment commands are used
to set the environment to the severe suroral environment. The spacecraft mach velocity is
set t0 0.001 . Orbit-limited current collection is requested. The surface material is set to be
kapton and the default properties displayed. A summary of potentials and currents before
and after charging is requested. Similar information is requested for silver. Then space-
charge-limited current collection is requested and the spacecraft radius is set to be | m.
The surface material is set to be kapton and a summary of potentials and currents before
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and after charging is requested. Similarly for silver. The spacecraft radius is set to 10 m
and the potentials and currents for kapton and silver. The mach velocity is set to 8. The
current-voltage relation is requested for a | m kapton sphere with a mach velocity of 8.
And finally, the space-charge-limited calculations are repeated. For additional
information on the use of suchgr see Lilley et al. [ 1989].

Welcome to SUCHGR 1.3
***ERROR - READMS - LUN 11 KEY= 1 NOT PREVIQUSLY WRITTEN.
¢**ERROR - READMS - LUN 19 KEY=CONT NOT PREVIQUSLY WRITTEN.
*++*ERROR - READMS - LUN 19 KEY=MT19 NOT PREVIOUSLY WRITTEN.
Default material is
Default environment is DMSP
SUCHGR command >> DEN1 3.55e9
SUCHGR command >> TEMP1 0.2
SUCHGR command >> DEN2 6.0BS
SUCHGR command >> TEMP2 8.0B3
SUCHGR command >> GAUCO 4.0eé
SUCHGR command >> EMAUT 2.4R4
SUCHGR command >> DELTA 1.6E4
SUCHGR command >> PONWCO 3,0B1l
SUCHGR command >> PALPEA 1.3
SUCHGR command >> PCUTL 50.0
SUCHGR command >> ¥PCUTE 1.68¢
SUCHGR command >; vend -3000
SUCHGR command >> avaach ,001

SUCHGR command >> orblis

SUCHGR command >> mate kapton
Setting default values for mtorialr KAPD

SUCHGR command >> show mate

Naterial Properties Keywords & Current Settings

Keyword Description Values Unitcs
MATNAN  Naterial Name KAPY {none;}
DIELEC Dielectric Constant 3.50000+00 (none)
THICK Thickness i 1.2700e-04 metess
CONDUCT Conductivity 7 1.0000e-16 NHO/M
ATONNUNB Atomic Number 4.00000+400 (nonel
DELTARAX Delta Max 2.1000e+00 (none)
ENAX E-Nax 1.5000e-01  keV
RANGE1  Range_l 7.14800+01  angstroms
EXPl - Exponent ) : 6.0000e-01  inone)
RANGEZ Range_2 31.12100+02  angstroes

EXP2 - Exponent_Z 1.77000¢00 (none)




PROYIELD Yield for 1lkeV Protons 4.5500e-01 {none)

PROMAX Max de/dx for Protons 1.4000e+02 keV

PHOTOCUR Photo Current 2.0000e-05 amps/meter**2

RESIST Surface Resistivity 1.0000e+16 ohms

SPDISCHR Space Discharge Potential 1.0000e+04 volts

INDISCHR Interal Discharge Potential 2.0000e+03 wvolts

RICCOEFF Radn-Induced Cond. Coeff 1.0000e-13 MHOMS3

RICPOWER Radn-Induced Cond. Power 1.0000e+00 {none)

MATDENS Density 1.0000e+03 kg/m*3

SUCHGR command >> charge

Charged under Orbit Limited Regime

Initial Final Units

Surface Potential 0.0000e+00 -9.4500e+00 volts
Conductor Potential 0.0000e+00 0.0000e+00 volts

Plux Breakdown:
Incident Electron Flux ~5.8523e-05 -1.5818e-05 A/m*+2
Electron Secondary Flux 2.8429e-06 2.1478e-06 A/m*s2
Backscatteved Electron Flux 1.7080e-06 1.7026e-06 A/m**2
Incident lon Flux 2.4901e~07 1.1965%e-05 A/m**2
lon Secondary Flux 0.0000e+00 3.3425¢-08 A/m**2
Photo Flux 0.0000e+00 0.0000e+00 A/me**2
Conduction Flux 0. 0000&000 0.0000e«00 A/m**2
Total Plux -5, 37330-05 3.0142e-08 A/m**2

SUCHGR cormand »>> mate silver
Setting default values for material

SUCHGR comnﬂ »> chwlneo

SV

Haterial Properties Keywords & Curxent Suunoa

- Keyword -Description
NATRAMN  Naterial Name
DIBLEC Dieleckric COnstinc
THICKE Thickness
CONDUCT Conductivity
ATONNUNB Atomic Nusber
DEUTAMAR Delta MWax
ENAX B-Max

RANGEL  Range 1l

EXp1 Exponent 1
RANGE2 Range_ 2

EXP2 ; L

Exponen
PROYIELD Yield for 1keV Protuons
PROMAX  Max de/dx for Protons
PHOTOCUR Photo Curtent
RESIST Surface Resistivity
SPDISCHR Space Discharge Potential

INDISCHR Interal Dischacge Potential

RICCORPF Ratn-induced Cond. Coeft
RICPOMER Radn-Induced Cond. Power
MATOENS Dengity

SUCHGE command 5> ohargs

Charged under Ochit Limited Regise

Values Units
SILV (none)
1.0000e+00 (none)
1.00002-0) maters
=1,0000e«00 MHO/N
4.7000e+01 {none)
1.0000000 (no010)
8.0000e-01  keV
‘8.4360000] . angstroms
7.9430e+01  angatroms
1.7400¢+00  (none)
4.95000e-01  (none)
“1.23000002 keV
2.9000-0%  amps/meters*2
«1.0000ee00 otams
1.0000e+084 wvelts
2.0000e+03 wolts
1.0000e«13  MHOMES
1.0000e¢00  (none)
1.0000¢203  ky/m*3
Initial Pinal Units
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Surface Potential 0.0000e+00
Conductor Potential 0.0000e+00
Flux Breakdown:
Incident Electron Flux -5.8523e-05
Blectron Secondary Flux 2.84213e-06
Backscattered Electron Flux 6.3595e-06
Incideant Ion Flux "2.4901e-07
Ion Secondary Flux 0.9000e+00
Photo Flux 0.0000e+00
Conduction Flux 0.0000e+00
Total Plux «4.35072e-05
SUCHGR command »>> &pclis
SUCHGR command >> robi 1
SUCHGR command »> mate kapton
Material is changed to KAPT
SUCKGR command »>> charge
Charged uhd:: Space Charge Limited Regine
- Initial
Surface Potential 0.00032+00
Conductor Potential 0.0000e+00

Flux Breakdoam:

Incidant Blectron Flux «5,852)e-05%

tiectron Secondary Plux - 2.842%e-08
‘Backscattered Electron Flux 1.7080e-06
Incident lon Flux ' 2.480%0-07
ton Secondary Plux 0.0000e+00
Phote Plus ¢.0000%+00
Conduction Plux . 0. 0080e+00

UmMEmazDRIRSD

Totel Plux 5. )9240-0%

. tait Sheath Radiuss 1.000€+00 meters AVMACHx
Pinal Sheath Radius= §.353e+00 meters KOBJ

HARHGR command s»  miite eflver
Material is changed o SILY

SUCHOR comand >» chm o
Chatged uider Spece Chatge Limited Ragite
: ’ ) thitial
Surtave Potential 0. (o5 0es00
conduttor Potential 0.000Bes00
Flux Rieakdown:
C - Ineident Eléctron Flux =% . 952 %e G
Elettron Secondary Flus 2.8423e-0%
¢. J99%e08

Racksvatiered Elc‘ﬂ_ on Flux

L2

.....

.1500e+00
0.0000e+00

.5829e-05
2.7837e-06
6.3535e-06

6.6337e-06
1.4865e-08

©.0000e+00
0.0000e+00

- ————y =

-4.356%e-08

=$,837%e4+02
0.0000e+00

-1.5145¢-05
1.52180-06
1.5826¢-06

1.164%-0%
3. 4522e-07

0.0000e+00
0.0000e+80

MM Mr BT AN NG

=).46182~08

1.800e-0)
1.000e+00 weters

Final
»2.5063es02
0.0000e+00

»1.5427e-0%
2.617%e-06
&.1970¢-06

A/m**2
A/m**2
R/m**2

Alm**2
A/m**2

Rim**2
Alm**2

Alm**2

Units
volts
volts

Atmr*2
Atm**2
Armes

Afmss2
Aoz

Afmre2
LY

Ater*2

viits
wolts
volts

Aimes2
E Y A
Aim**2




Incident lon Plux 2.4805e-07
Ion Secondary Flux 0.0000e+00
Photo Flux 0.0000e+00
Conduction Flux 0.0000e+00
Total Flux -4.,9073e-05

Init Sheath Radius= 1.000e+00 meter:s: AVMACH:=
Final Sheath Radius= 5.100e+00 meters ROBJ

"

SUCHGR command >> robj 10

SUCHGR command >> mate kapton
Material is changed to KAPT

SUCHGR command >> charge

Charged under Space Charge Limited Pegime

Initial
Surface Potential 0.0000e+00
Conductor Potential 0.0000e+00
Flux Breakdown:
Incident Electron Flux -5.8523e-05
Electron Secondary Flux 2.842%e-06
Backscattered Electron Flux 1.7080e-06
Incident Ion Flux 2.4805e-07
Jon Secondary Flux 0.0000e+00
Photo Flux 0.0000e+00
Conduction Flux 0.0000e+00
Total Flux ~5.3724e-05

Init Sheath Radius= 1.000e+01 meters AVMACH=
Final Sheath Radius= 5.117e+01 meters ROBJ =

SUCHGR command >> mate silverx
Material is changed to SILV

SUCHGR command >> charge

Charged under Space Charge Limited Regime

Initial
Surface Potential 0.0000e+00
Conductor Potential 0.0000e+00
Flux Breakdown:
Incident Electron Flux -5.8523e-05
Electron Secondary Flux 2.8423e-06
Backscattered Electron Flux 6.3595e-06
Incident Ion Flux 2.4805e-07
Ion Secondary Flux 0.0000e+00
Photo Flux 0.0000e+00
Conduction Flux 0.0000e+00
Total Flux -4.907)e-0%

6.4516e-06 A/m**2
9.8712e-08 A/m**2

0.0000c+00 A/m**2
0.0000e¢00 A/m**2

-6.16%7e-08 A/m**2

1.000c-03

1.000e 00 me-ters

-5.4475e+03
0.0000e+00

-1,1677e-05
1.0731e-06
1.1673e-06

6.4942e-~06
3.0669e-06

.0000e+00
.0000e+00

-——— - -

1.2409%e-07

1.000e-03

- -

A/m**2
A/m**2
A/m**2

A/m**2
A/m**2

A/m**2
A/m**2

A/m**2

1.000e+01 meters

«1.1038e+0)
0.0000e+00

-1.3243e-05
2.1735e-06
5.2689e-06

4.3153e-06
1.4709e-06

0.0000e+00
0.0000e+00

sevrinemcenw

-1.4301e-08

A/m**2
Alm**2
A/m**2

A/m**2
Alm**2

AJmrr2
A/mr2

Alm*2



Init Sheath Radiuss 1.000e+Gl meters AVMACH= 1.000e-03
Final Sheath Radiusas ¢.171le+0] meters ROBJ = 1.000e+0]1 maters

SUCHGR command >> avmach 8

SUCHGR command >> rxobj 1

SUCHGR command »>> mate kapt
Marerial is changed to KAPT

T SUCKGR command >> tabla iv

Fluxes{A/m**2) as functions of Suxface VoltageleV)

SRRYLT FTOT FEIN FESEC FEBAK FIIN FISEC

0.00E+00
: -4.76E+01
" -9 _52Be0)

~5.35E-0%
-8.01E-06
~5,62E-06

~5.8%E-0%
=1.97E-0%
-1.36E-0%

2.84£-06
1.968-06
1.8)8-06

1.71E-06
1.68E-06
1.67B-06

4.96E-07
4.04E-06
6.448-08

0.09B+00C
2.818-02
5.66E-03

~1.41B+02
~1.90R«02
~2.30E+02
-2, B6E.02
=3.3)}E+02
<. 61Ee02
4 29E~03
=4, /K02
=$.24B+02
=5, NEY
=6. 19602
=6.6TEe02
»7.14EBe02
=7,628+02
'g D 10"02
=8, 37E+03
-9.05E+02
9. 528402

~3. 47E-06
=1.47E-98
. §7E-07
- 356-08
. 188-0¢
RTE-
-$5E-06
135-98
.08E-0%
.268-0%
1.64E-08
1.638-03
1.828-08
%.018-08
2.318-0%
2,388-0%
2.55€-0%
3.726-0%

~1.96R-0%
-1.998-0%
=1.94E-0%
«) . 94E-0%
=-1.%938-0%
=1.538-0%
~1.%3B-0%
=1.52€E-6%
=1.528-0%
=1.52&-0%
~1.%1€-05
=1.%9E~05
«1.50E-08
=i.90E-0%
=3.49E-0%
=1.49%-0%
=1 . 45K-0%
=% . S9E-0%

1,7%E-08
<T0E-06
.86E-06
L68IE-16
.618-06
.SRE-06
. STE-06
. 83806
. S4E-06
-82E-06
1.51€-06
1.30E-0¢
1.49€-06
1.48E-08
1 v ‘7!3“
3.468-36
1.458-06
1.458-0¢

1.68E-06
1.65B-~G6
1.54E-06
1.63E-06
1.63E-0%
1.62E-08
1.638-08
1.60E-06
1.60E-06
1.99€-06
i.5%€-06
1,.588-06
1.57€-06
1.57E-06
1.56E-08
1.5&E-08
1.55€-06
1.5%8-0%

8.58E-0%
1.058-0%
1.248-0%
1.428-0%
1 . 6OE-~0%
1. 13R-09
93809
2.088-0%
2.33E-0%
2.548-05
2.708-0%
2.86E-0%
3.03E-05
3. 19E-0%
3.326-0%
J.46E-0S8
3.59€-05

9.21E-08
1.318-07
1.728-07
J3,16E-07
2.628-07
3. 11E-07
).5RE-07
& . 08807
5. 12E-07
T.6%€-0%
9.85E-07
1.23E-08
1.508-06
1. 80E-0¢
2. 1E=Ce
2.4)E-06
2. 17806
3.038-08

SR JRRT I S R S
P e G b b Pes e fur

SUCHGR comsand »> plot iv

“L
4. %"QS'
. i 1
¥
t »
5 » ¥

: ,
P A .
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I

-6 .00E-05+4-~c~eccnu- $mreemeeo L o—‘ ------- R oo

-1000. -800.0 -600.0 -400.0 -200.0 0.0E+00
Flux (A/m**2) vs. Voltage (volts)

SUCHGR command >> charge

Charged under Space Charge Limited Regime

Initial Final
Surface Potential ).0000e+00 -2.29630+402
Conductor Potential 0.0000e+00 0.0000e+00
Flux Breakdown:
Incident Electron Flux -5.8523e-05 -1.5454e-05
Electron Secondary Flux 2.8429%e-06 1.6711e-06
Backscattered Electron Flux 1.7080e-06 1.6409e-06
Incident Ion Flux 4.9610e-07 1.1952e-05
Ion Secondary Flux 0.0000e+00 1.6118e-07
Photo Flux 0.0000e+00 0.0000e+00
Conduction Flux 0.0000e+00 0.0000e+00
Total Flux -5.3476e-05 -2.8665e-08

Init Sheath Radius= 1.000e+00 meters AVMACH= 8.000e+00

------- »

A/m**2
A/m**2
A/m**2

A/m**2
A/m**2

A/m‘ t2
A/me**2

A/m**2

Final Sheath Radius= 4.908e+00 meters ROBJ = 1.000e+00 meters

SUCHGR command >> mate silver
Material is changed to SILV

SUCHGR command >> charge

Charged under Space Charge Limited Regime

Initial Final
Surface Potential 0.0000e+00 ~9.8750e+01
Conductor Potential 0.0000e+00 0.0000e+00
Flux Breakdown:
Incident Electron Flux -5.8523e-05 -1.5616e-05
Electron Secondary Flux 2.8423e-06 2.6936e-06
Backscattered Electron Flux 6.3595e-06 6.2739%e-06
Incident Ion Flux 4.9610e-07 6.5983e-06
Ion Secondary Flux 0.0000e+00 6.3513e-08
Photo Flux 0.0000e+00 0.0000e+00
Conduction Flux 0.0000e+00 0.0000e+00
Total Flux -4.8825e-05 1.3294e-08

Init Sheath Radius= 1,000e+00 meters AVMACH= 8,000e+00

A/m**2
A/m**2
A/m**2

A/m**2
A/m**2

A/m**2
A/m**2

A/me*2

Final Sheath Radius= 3.647¢+00 meteras ROBJ = 1,000e+00 meters

SUCHGR command >> xobj 10

SUCHGR command >» mate kapton
Material is changed to KAPT

SUCHGR command »> charge

Charged under Space Charge Limited Rogime
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Initial Final Units

Surface Potential 0.0000e+00 =2 9163e+03 volts
Conductor Potential 0.0000e+0Q0 0.0000e+00 volts

Flux Breakdown:

Incident Electron Flux -5.8523e-09% ~1.3373e-05 A/m*+2
Electron Secondary Flux 2.8429e-06 1.2596e-06 A/m**2
Backscattered Electron Flux 1.7080e-06 1.3658e-06 A/m**2
Incident Ion Plux 4.9610e-07 8.233%e-06 A/m*+2
Ion Secondary Flux 0.0000e+09 2.4872e¢-06 A/m**2
Photo Flux €.230G0e+00 0.0000e+00 Afm**2
Conduction Flux 0.0000e+00 0.0000e+00 Asm**2

Total Plux ‘5.3476e Q0% ~2.6873e-08 A/m**2

Init Sheath Radius= 1.000e+0) meters AVMACH= 8.000e+00
Final Sheath Radius= 4.074e+0) meters ROBJ s 1.000¢+01 meters

. SUCHGR command >> mate silver
Material is changed to SILV

SUCHGR command >» chaxig

Charged under Space Charge Lauuced Regime

- Initial Final Units
Surface Potential 0. 000&9‘00 +1.9%5%e+0) volts
Conductor Potential ) 0.0000e+00 0.0000e+00 volts
Flu& Breakdzwn;: '
Incident Electren Flux o =5.8523e-05 =1.4)%4e-05 Afme2
£lxctron Secoandary Flux 2.842)e-06 2.35€)e-06 A/n*+2
Backscettered Electron Plux 6.3495¢~06 5. 733%e-06 A/mre2
Incident fon Flux . 4.96100-07  $,3209@-06 Afm**2
Ion Secondary Flux 0.0000¢+00 9.5343e-07 A/m*2
Fhoto Fluk o © 0.000082060  0,00000+00 Asiw**2
Conduction Plux ) 0.0@@0@~09 0.00000+00 A/m*+2
Toral Flu C O -a.BB2%exD5  9.9690e%09 Asmerl

fRit  Sheath Kadiugs 1,00Ces01 seters AVNACH: K. 0000:00
Final Sheath Radivss 3.27%e+01 weters XOBJ = ) .000e+01 weters

SUCHGE comemand »>s  quit _
Want to fave a copy of the session? »» yes

x5t SUCHGR.

The following fites arc the mput and outpul files for the bcmyndmous Kaploa-

Sitver Quasi-cphere proble shown in Figures 12.and 14 of Chapier 2. For additional
mfmmmmuseormsmﬁﬁat:)m Maal (*984!
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The problem was completed in four steps with a stightly different standard input file
for each step. The first input file shows the options chosen, the object definition, and the
environment description.

Geosynchronous Kapton-Silver Quasi-sphere Standard Input

RDOPT 5
SURFACE CELL 1
SURFACE CELL %
LONGTIMESTEP 1000
DELTA .001
DELFAC 1.2
XMESH 1
WCcYC 20
» 2
wy 17
)

OBJDEF 5
QSPHERE

CENTER Q0 0 O
DPIAMETER 7
8IDE 3
MATERIAL KAPTON
ENDUBJ
PATCER
CORMER 3 -1 -1
DRLTAS 1 3 3
SURFACE +X SILVER
. E{DOBS
" PAICHR
COXNER ~1 3 -1
DELTAS 3 1 3
SURPACE +Y SILVER
RNDOBJ
PATCHR
CORNER -1 -1 3
DELTAS 3 3 1
SURPACE +% SILVER
RWDOS
PATCEW
CORMER 2 -1 2
PACE SILVER 1 6 1
LEWGTH 2 3 3
ENDOBY
PATCEW
CORMER -1 2 2
PACE SILVER 0 1 1
LENOTE 3 2 2
RNDOAJ
PATCEW
CORMER 2 2 -1
PACE SILVER 1 1 0
LENGTE 2 2 3
RHDOBT
PATCEW
comMNR -1 -1 2
PACE SILVER -1 0 1
LEWTE 2 3 2.
XWDOBY
PATCEW
CORMER -1 -1 2
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FACE SILVER O -1 1
LENGTE 2 32 2
ENDOBJ
TETRAR
CORMER 2 2 2
PACE SILVER 1 1 1
LENGTH 2 2 2
RUDOBJ
TRTRAX
CORMER -1 2 2
FACE SILVER -1 1 1
- LENGTE 2 2 2
ENDOBJ
TETRAR
CORMER 2 -1 2
PACE SILVER 1 -1 1
LENGTR 2 2 2
ENDOBJ
TETRAR
CORMER -1 -1 2
FACE SILVER -1 -1 1
LENGTR 2 2 2
ENDOBJ
ENDSAT

CAPACI

TRILIN 5
SINGLE
1.12 cG8
12 K=V
.236 CGS
39.5 KeV
END

END

Geosynchronous Kapion-Silver Quasi-sphere Standard Input for Continuation

RDOPT §
SURFACE CELL 1
SURFACE CELL S
LOWGTINRSTEP 1000
RESTART
DELTA 0.045
DELFAC 1.4
XNE3E 1
NCYe 20
NG 2
NE 17
EXD
TRILIN &
SINGLE
1.12 ¢as
12 xxv
.236 CGS
29.5 KV
END
END




Geosynchronous Xapton-Silver Quasi-sphere Standard Iaput for Second
Continuation

* RDORT 5
. SURFACE CELL 1
SURFACE CRLL 5
IONGTIMESTE S 1000
RESTART
x . CELTA 27
’ JELFAC 1.4
XMESH 1
WCYC 20
NG 2
NZ 17
END
TRILIN §
SINGLE
1.12 cG8 ) _y
12 XEV -
. .236 ¢G8
29.5 XEV
END : N

Geosynchronous Kapton-Silver Quasi-sphere Standard Input for Third
Continuation

RDOPT S
SURFACE CELL 1
- SURFACE CELL 5
' LONGTINESTEP 1000
RESTARY =
DELTA 16e3
- DELFAC 1.4
XNESH 1
NCYC S
~- NG 2
NZ 17
END
TRILIN 5
SINGLE
1.12 ¢cG8
12 xxv
.238 CGS8
29.5 KBV
D
END

Geosynchronous Kapton-Silver Quasi-sphere Termtalk Execution fort.3 File

A group of all the surface cells of material kapton is defined. The final potential of this
group is requested. All the cells are at -22.5 kV. A group of all the surface cells of
material silver is defined. The final potential of this group is requested. All the cells are at
-10.9 kV. A group of those cells facing in the 1 | | or -1 -1 -1 direction is defined.
These celis are those in the center of the kapton patch and the silver patch respectively.
The history of the potentials on these celis is requested.
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CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE ‘'HELP'

>HELP

HELP IS AT HAND - PICK A NUMBER,
(1) BASIC USE (7) ERROR MESSAGES
{2) CURRENT MODULE (8) COORDINATE SYSTEM
(3) NUMBERING CONVENTIONS {(9) LINE PRINTER FILE
{4) FLUX,FIELD, POTL, DELTA, STRESS (10) DEFAULT MODES
(5) SUBSET AND GROUPS (11) OLD NASCAP
(6) AIDS {12) COMPLAINTS

(13} RETURN TO MAIN

1
-- BASIC USE --

TERMTALK CONSISTS OF A SET OF MODULES, EACH GIVING
THE USER ACCESS TO A CERTAIN TYPE OF NASCAP INFORMATION.
'HISTORY' FOR EXAMPLE, GIVES THE CHARGING HISTORY OF
INDIVIDUAL SURFACE CELLS. 'LATEST' GIVES INFORMATION
ONLY FROM THE LATEST CHARGING CYCLE. ‘SINGLE' GIVES
GEOMETRICAL AND OTHER INFORMATION ABOUT AN INDIVIDUAL
CELL.

WHICHEVER MODULE YOU ARE IN, YOU HAVE AVAILABLE A
SET OF COMMANDS AND A S&T OF MODES. COMMANDS INITIATE
OUTPUT. MODES ALTER THE FORM OF SUCCEEDING OUTPUT.

AT ANY TIME INSTEAD OF TYPING A COMMAND
OR MODE, YOU MAY CHANGE MODULES OR CALL FOR AID.
ALTOGETHER YOU HAVE FOUR CHOICES - TYPE A COMMAND,

A MODE, THE NAME OF A DIFFERENT MODULES, OR THE
NAME OF AN AID.

AS AN EXAMPLE, YOU ARE IN MODULE SINGLE. YOU
TYPE THE NUMBER 317. THIS IS A COMMAND. THE
TERMINAL PRINTS OUT THE POTENTIAL AND THE SURFACE
NORMAL OF CELL #317. YOU WANT MORE.

YOU TYPE 'EVERYTHING' (A MODE) AND ON THE NEXT

LINE TYPE '317' AGAIN. MORE INFORMATION COMES OUT.

TO CHANGE MODULES, YOU TYPE ‘HISTORY'. NOW YOU DON'T
KNOW WHAT TO DO, SO YOU TYPE ‘'HELP', AND YOU GET THIS
MESSAGE.

FOR ANY COMMAND, MODE, MODULE, OR AID, TERMTALK
RECOGNIZES AN ENTIRE WORD BASED ON THE FIRST THREE
LETTEKS.

. PICK ANOTHER NUMBER -OR- TYPE '‘MENU' TO SEE YOUR CHOICES

-OR- <CR> TO RETURN TO MAIN

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'
>gubset kapton .
DEFINITION OF NEW SUBSET NAMED kapt
159 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
»matl kapt
85 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>done
GROUP kapt WITH 85 MEMBERS 1S NOW DEFINED
RETURNING TO MODULE ‘MAIN'
CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE ‘'HELP'
>latest
LATEST COMMAND OR MODE SET ?
>potl
MODE RESET
LATEST COMMAND OR MODE SET ?
>group ‘kapton



POTL IN VOLTS FOR NASCAP CYCLE 65 ... TIME = 2,32e+05
1-2.25e+04 2-2.25e+04 3-2.25e+04 4-2.25e+04
7-2.25e+04 8-2.25e+04 9-2.25e+04 11-2.25e+04

13-2.25e+04 14-2.25e+04 16-2.2%e+04 17-2.25e+04
19-2.25e+04 21-2.25e+04 22-2.25e+04 23-2.25e+04
26-2.25e+04 27-2.25e+04 28-2.25%e+04 29-2.25e+04
32-2.25%e+04 35-2.25e+04 37-2.25e+04 39-2.25e+04
42-2.25e+04 45-2.25e+04 46-2.25e+04 47-2.25e+04
50-2.25e+04 51-2.25e+04 52-2.25e+04 53-2.25e+04
57-2.25e+04 59-2.25e+04 61-2.25e+04 63-2.25e+04
70-2.25e+04 71-2.25e+04 72-2.25e+04 73-2.25e+04
77-2.25e+04 79-2.25e+04 81-2.25e+04 83-2.25e+04
90-2.25e+04 91-2.25e+04 92-2.25e+04 93-2.25e+04
97-2.25e+04 99-2.25e+04 101-2.25e+04 103-2.25e+04
110-2.25e+04 111-2.25e+04 112-2.25e+04 113-2.25e+04
116-2.25e+04 119-2.25e+04 121-2.25e+04 123-2.25e+04
126-2.25e+04 129-2.25e+04 134-2.25e+04 135-2.25e+04
137-2.25e+04 139-2.25e+04 144-2.25%e+U4 149-2,25e+04

LATEST COMMAND OR MODE SET ?

>subset silver

DEFINITIOM OF NEW SUBSET NAMED silv

159 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>matl silver

73 REMAINING 1N GROUP

SUBSET INSTRUCTION PLEASE ?

>done

GROUP silv WITH 73 MEMBERS IS NOW DEFINED

RETURNING TO MODULE 'LATE'

LATEST COMMAND OR MODE SET ?

>group silver

POTL IN VOLTS FOR NASCAP CYCLE 6% ... TIME = 2.32e+05
5-1.09e+04 10-1.09e+04 15-1.09e+04 20-1.09e+04

30-1.09e+04 33-1.09e+04 34-1.09e+04 36~1.09e+04
40-1.0%e+04 43-1,09e+04 44-1.09%e+04 49-1.09%e+04
56-1.09e+04 58-1.09e+04 60-1.09e+04 62-1.09e+04
66~1.09e+04 67-1.09e+04 68~1.09e+04 69-1.09e+04
76-1.0%e+04 78-1.09e+04 80-1.09e+04 82-1.09e+04
86-1.09e+04 87-1.09e+04 88-1.0%e+04 89-1,.09e+04
96-1.0%e+04 98-1.09e+04 100-1.09e+04 102-1.09e+04
106-1.09e+04 107-1.09e+04 108-1,09e+04 109-1,09e+04
117-1.09e+04 118-1.09e+04 120-1.09e+04 122-1,09e+04
127-1.09e+04 128-1.09e+04 130-1.09e+04 131-1,09e+04
133-1.09e+04 138-1.09e+04 140-1.09e+04 141-1.09e+04
143-1.09e+04 145-1.09e+04 146-1.09e+04 147-1.09e+04
150-1.09e+04 151-1.09e+04 152-1.09e+04 153-1.09e+04
156-1.09e+04 157-1.09e+04 158~1.09e+04 0 0.00e+00

LATEST COMMAND OR MODE SET ?

>history

HISTORY COMMAND OR MODE SET ?

>subset one

DEFINITION OF NEW SUBSET NAMED one

159 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?

>pnormal 1 1 1
4 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?

>which

MEMBERS OF GROUP one

127 128 133 158 0 0 0 0 0 0

4 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>done

GROUP one WITH 4 MEMBERS IS NOW DEFINED

SEC

.25e+04
.25e+04
.25e+04
.25e+04
.25e+04
.25e+04
.25e+04
.25e+04
.25e+04
.25e+04
.25e+04
.25e+04
.25e+04
.25e+04
.25e+04
.25e+04
.25e+04

SEC
25-1.09e+04
38-1.09e+04
54-1.09e+04
64-1.09e+04
74-1.09e+04
84-1.09e+04
94-1.09e+04
104-1.09e+04
114-1.09e+04
124-1.09%e+04
132-1.09e+04
142-1.09e+04
148-1.09e+04
155-1.09e+04

0 0.00e+00




RETURNING TO MODULE ‘'HIST'
HISTORY COMMAND OR MODE SET ?
>subset minus
DEFINITION OF NEW SUBSET NAMED minu
159 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>normal -1 -1 -1
4 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>which
MEMBERS OF GROUP minu
1 26 31 32 0 0 0 0 0 0
4 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>done
GROUP minu WITH 4 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'HIST'
HISTORY COMMAND OR MODE SET ?
>subset oppose
DEFINITION OF NEW SUBSET NAMED oppo
159 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>numbers 1 to 1
1 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>normal 1 11
0 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>0r one
4 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>or minus
8 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>done
GROUP oppo WITH 8 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'HIST'
HISTORY COMMAND OR MODE SET ?
>group oppo
POTL IN VOLTS
TIME 1 26 31 32 127 128 133
: #1 #2 #3 #4 %5 #6 7
.0e-03:-3.63e+02-3,63e+02-3.63e+02~3,63e+02-3.,63e+02-3,.63e+02-3,63e+02
.2e-03:-7.74€+02-7.74e+02-7.74e+02-7,74€+02-7,74e+02-7.74e+02-7.74e+02
.6e-03:-1.24€e+03-1,24e+03-1,24e+03-1,24e+03-1,.24e+03-1.24e+03-1.24e+03
.4e-03:-1.76e4+03-1.76e+03-1.76e+03-1.76e+03-1.76e+03-1.76e+03-1.76e+03
.4e-03:-2.33e+03-2.33e+03-2.33e+03-2.33e+03-2,33e+03-2,.33e+03-2,33e+03
.96-03:-2.97€+03-2,97¢+03-2.97e+03-2,97¢+03-2,97e+03-2,97e+03-2,97e+03
.3e-02:-3.66e+03-3.66e+03-3,.66e+03-3,66e+03-3,660+03-3.662+03-3,66e+03
.6e-02:-4.41e+03-4.41e+03-4.,41e+03-4,41e+03-4.41e+03-4.41e+03-4,4d1e+03
.1le~02:-5.21e+03-5.21e+03-5,21e+03-5.21e+03-5.21e+03-5.21e+03-5.21e+03
.6e-02:-6.06e+03-6.06e+03-6.06e+03-6,06e+03-6.062+03-6.06e+03-6.06e+03
.2e-02:-6.96€+03-6.960+03-6.96€+03-6.,96e+03-6,96€+03-6.96e+03-6.96€+03
,0e-02:-7.89e+03-7.8%e+03-7.89e+03-7,89%e+03-7.89e+03-7,89e+03-7.89e+03
.Be-02:-8,85e+03-8,85e+03-8.85e¢+03-8,85e+03-8.85e+03~-8.85e+03-8,85e+03
.9€-02:-9,82e+03-9.82e+03-9.82e+03-9,82e+03-9,82e+03-9.82e+03-9,82e+03
.2e-02:~-1.08e+04-1.08e+04-1.08e+04-1.08e+04-1.08e+04-1.08e+04-1.08e+04
.7e=02:-1,18e+04-1.18e+04-1,18e+04-1,1Be+04-1.18e+04-1,.18e+04-1,18e+04
.1le-01:-1.27¢+04-1.27e+04-1.27e+04-1.27e+04-1.27e+04-1.27e+04-1.27¢+04
.3e-01:-1.36e+04-1.36e+04-1,360+04-1.36e+04-1,.36e+04-1.36€+04-1,36e+04
.5e-01:-1.44€+04-1 44e+04-1.44e+04-1,44e+04-]1.44e+04-1,44e+04-1,44e+04
.96-01:-1,51e+04-1.51e+04-1.51e+04-1,51e+04-1.51e+04-1.51e+04-1.51e+¢04
.3e-01:-1.58e+04-1.58e+04-1,58e+04-1,58e+04-1,58e+04-1.58e+04-1.58e+04
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.9e-01:
.8e-01:
.le-01:
.8e-01:
.2e~-01:
.3e+00:
.7e+00:
.4e+00:
.3e+00:
.6e+00:
.5e+00:
.0e+00:
.3e+01:
.8e+01:
.5e+01:
.4e+0l:
.8e+01:
.Te+0l:
.4e+01:
2e+02:
.Ge+02:
Jle+02;
.9e+02;
.9e+02:
3e+02:
de+02:
.0e+03:
.4e+03:
.0e+03:
.8e+03:
.9e+03:
5.4e+03:
7.5e+03:
1.1e+04:
1.5e+04:
2.1e+04:
2.9e+04:

-1.65e+04-1.65e+04-1.65e+04-1.65e+04-1.65e+04-1.
-1.70e+04-1.70e+04-1.70e+04-1.70e+04-1.70e+04-1.
-1.74e+04-1.74e+04-1.74e+04-1.74e+04-1.74e+04-1.
-1.77e+04-1.77e+04-1.77e+04-1.77e+04~-1.77e+04-1.
~1.79e+04-1.79e+04-1.79e+04-1.79e+04-1.79e+04-1.
-1.80e+04-1.80e+04-1.80e+04-1.802+04-1.80e+04-1.
-1.81le+04-1.81e+04-1.81le+04~-1.8le+04-1.81le+04-1.
-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.
~1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.
-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.
-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.
-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.
-~1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.
-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.
-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.
-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.
~1.82e+04-1.82e+04~1.82e+04-1.82e+04-1.82e+04-1.
~1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.82e+04-1.
~1.83e+04-1.83e+04~1.83e+04-1.83e+04-1.82e+04-1.
-1.83e+04-1.83e+04-1.83e+04-1.83e+04-1.82e+04-1.
~1.83e+04-1.83e+04-1.83e+04~1.83e+04-1.82e+04-1.
-1.83e+04-1.83e+04-1.83e+04-1.83e+04-1.81e+04-1.
-1.83e+04-1.83e+04-1.83e+04-1.83e+04-1.81e+04-1.
~1.83e+04-1.83e+04-1.83e+04-1.83e+04-1.81le+04-1.
-1.83e+04-1.83e+04-1,83e+04-1.83e+04-1.80e+04-1,
-1.84e+04-1,84e+04-1.84e+04-1.84e+04-1.79e+04-1.
-1.84e+04-1.84e+04-1.84e+04-1.84e+04-1.78e+04-1.78e+04-1
-1.85e€+04-1.85e+04-1.85e+04-1.85e+04-1.77e+04-1.77e+04-1
~1.86e+04-1.86e+04~1.86e+04-1.86e+04-1.75e+04-1,75e+04-1
-1,88e+04-1.88e+04-1.88e+04-1.88e+04-1.72e+04-1,72e+04-1
-1.89%e+04-1.89%e+04-1.89%e+04-1.8%e+04-1.68e+04-1.68e+04-1
-1.88e+04-1,88€+04-1.88e+04-1,88e+04-1.58e+04-1.58e+04-1
-1.93e+04-1.93e+04~1.93e+04-1.93e+04~-1.54€+04-1,54e+04-1
=1.95e+04-1.95e+04~1.95e+04-1.95e+04-1.44e+04-1.44e+04-1
=2.00e+04~-2,00e+04-2.00e+04-2.00e+04-1.34e+04-1.34e+04-1
-2.05e+04-2.05€+04-2,05e+04-2.05e+04~1.24e+04-1.24e+04-1
=2.100+04-2,10e+04-2.10e+04-2,10e+04-1,14€+04-1.14e+04-1
4.0e+04:-2.160+04-2.16€+04-2.16€+04-2.160+04-1.05€+04-1.05e+04-1
5.7e+04:-2.22e+04-2.22e+04-2.22e+04-2,22e+04-1.05e+04-1,05e+04-1
7.3e+04:-2.25e+04-2.25€+04-2.25@+404-2,25e+04-1.06e+04-1,06e+04-1
9.5e+04:~2.26e+04-2.26€+04-2.260+04-2.26e+04-1.08e+04~1,08e+04-1

65e+04-1
70e+04~1
T4e+04-1
77e+04-1
79e+04-1
80e+04-1
8le+04-1
82e+04-1
82e+04-1
82e+04-1
82e+04-1
82e+04-1
82e+04-1
82e+04-1
82e+04-1
82e+04-1
82e+04-1
82e+04-1
82e+04-1
82e+04-1
82e+04-1
8le+04-1
8le+04-1
8le+04-1
80e+04-1
79e+04~-1

.65e+04
.70e+04
.74e+04
.77e+04
.79e+04
.80e+04
.8le+04
.82e+04
.82e+04
.82e+04
.82e+04
.82e+04
.B2e+04
.82e+04
.B2e+04
.82e+04
.82e+04
.82e+04
.82e+04
.82e+04
.82e+04
.8le+04
.Ble+04
.Ble+04
.80e+04
.79e+04
.78e+04
.77e+04
.75e+04
.72e+04
.68e+04
.58e+04
.54e+04
.44e+04
.34e+04
.24e+04
.14e+04
.05e+04
.05e+04
.06e+04
.08e+04

WNNNH 2 JUOWRNNRERPRPROABWNRERROABWDREROOOOWN

1,.3e+05:-2,
1,7e+05:-2,.260+04-2
2,.3e+05:-2,25e+04-2

26e+04-2

.26e404-2.26¢+04-2,
.26e+04-2.26e+04-2,
25e+04-2,25¢+04-2.

26e+04-1.09e+04-1.
26e+04-1.09e+04-1,
25e+04-1.09e+04~1.

09e+04-1
0%e+04-1
09e+04-1

.09e+04
.09e+04
.09e+04

POTL VERSUS LOG(TIME)
0.000400°
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‘
s

BTy T S T
B . T S P

4.00e+00 12.000400 0.00e+00 2.00e400 4.000+00 6.000400
POTL IN VOLTS

TIME . 158

: #l #2 #3 #4 #5 #6 #7
1.0e-03:-3.63e+02
2.2e-03:-7.74e+02

3.6e-03:-1.24e+03
5.4e-03:-1.76e+03
7.4e~03:-2.33e+03
9.9e-03:-2.97e+03
1.3e-02:-3.66e+03
1.6e-02:-4.41e+03
2.1e-02:-5.21e+03
2.6e-02:-6.06e+03
3.2e-02:-6.96e+03
4.0e-02:-7.89e+03
4.8e-02:-8.85e+03
5.9¢~02:-9.82e+03
7.2¢-02:-1.08e+04
8.7e-02:-1.18e+04
1.1e-01:-1.27e+04
1.3e-01:-1.36e+04
1.5e-01;-1.44e+04
1.9¢-01:-1.51e+04
2.3e-01:~1.58e+04
2.90-01:-1.65e+04
3.8e~01;-1,70e+04
5.1e-01:-1.74e+04
6.8e-01:-1.77e+04
9.2e-01:-1.79e+04
1,.3e+00:-1.80e+04
1.7¢+400:-1.81le+04
2.4e+00:-1,.82e+04
3.3e+00:-1.820+04
4.6e+00:-1.82e+04
6.5e+00:-1.82e+04
9.0e+¢00:-1,82e+04
1.3e¢01:-1,826+04
1.8e¢01:-1,82e+04
2,5e+01:-1.82e+04
J.4e+01:-1.82e¢04
4.8e+01:-1,82e+404
6.7e+01:-1.820+04
9.40+01:-1.82e+04
1.2e+02:-1.82e+04
1.60+¢02:-1.82e¢04
2.1e+02:-1.8le+0d
2.9€+02:-1,8le+04
3.9e+02:-1.81e¢04
5.3e+02:-1,.80e+¢04
7.4e402:-1.79e+04
1.0e¢03:-1.78e+04
1.4e¢0):-1.77e+04
2.0e¢03:~1.75e+04
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2.8e+03:-1.72e+04
3.9e+03:-1.68e+04
5.4e+03:-1,58e+04
7.5e+03:-1.54e+04
. 1l.1e+04:-1.44e+04
1.5¢+04:-1.34e+04
2.1e+04:-1.24e+04
2.9e+04:~1.14e+04
4.0e+04:-1.05e+04
5.7e+04:-1.05e+04
. 7.3e+04:-1.06e+04
9.5e+04:-1.08e+04
1.3e+05:-1.09e+04
1.7e+05:-1.09e+04
2.3e+05:-1.09e+04
POTL VERSUS LOG(TIME)

0. 008000+, . L iiivi ittt i i e et it ittt et s e s it e e P S Y .
. 1 . .
1 . .
. 1 . .
B 1. . .
. . .
1. . .
1 . .
. . . .
8 . .

.
“4.008e03¢. . ittt atirettraaratensrens

. 1

D R X R N R N O R R R N B N I O R P N N Y

.
.
.
.
.
. . . .
. . . .
. S § . . . .
. . . . . .
. . 1 . . . .
. . . R . .
. . 1 . . . .
. . . . . .
. . . . . .
Rl TR <+ T T O N N
. . . . . .
. . 1 . . . .
. . . . N .
. . . R . .
. . 1 . . . .
. Y. . . f 11 ’
. . 1 . . N 1kt .
. . . . R .
. s 1 . . v 1 .
R R L T L S N S S S g N g A SO
. . N R . .
. . 1 . . . .
. . . . R .
N . 3} . v 1 .
. . » . . - L}
. . 3 . . H .
. N N . R .
. N H . R . s
. . . . IR 5
L B 7 P S
' * * . 3 . -' 3 o
. . | S . | SN B B
. . . . R
. . . R M . .
¢ . N nuy 1A . R
. . M. .
. . . .
. .

~3.0°w.‘um.......i..‘.........‘...n............‘..u...........‘...:................».‘:...‘.......\.....u
~4.000:00 +2.000+00 0.00w:00 2.000+00 4.00es00 . 900000
HISTORY COMMAND OR MODE SBT ? - :

>exit
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C.4 Auroral Kapton-Silver Quasi-sphere

The fcllowing files are the input and output files for the Auroral Kapton-Silver Quasi-
sphere problem shown in Figures 15 and 16 of Chapter 2. For additional information on
the use of POLAR see Lilley et al. [1989].

The standard input for the execution of vehicle includes general object definition
options and the object definition.

Auroral Kapton-Silver Quasi-sphere vehicl Execution Standard Input

nxyz 11 11 11
vmach 0 0 0.001
matplots yes
makeplot 4
plotdir 2 3 §
plotdir -2 -3 -5
plotdir 4 -3 -5
plotdir -2 3 §
objdef 5
end
QSPHERE
CENTER 0 0 O
DIAMETER 7
SIDE 3
MATERIAL KAPTON
ENDOBJ
PATCHR
CORNER 3 -1 -1
DELTAS 1 3 3
SURFACE +X SILVER
ENDOBJ
PATCHR
CORNER -1 3 -1
DELTAS 3 1 3
SURFPACE +Y SILVER
ENDOBJ
PATCHR
CORNER -1 -1 3
DELTAS 3 3 1
SURPACE +Z SILVER
ENDOBJ
PATCHW
CORNER 2 -1 2
PACE SILVER 1 0 1
LENGTH 2 3 2
ENDOBJ
PATCHW
CORNER -1 2 2
PACE SILVER 0 1 1
LENGTH 3 2 2
ENDOBJ
PATCEW
CORMNER 2 2 -1
PACE SILVER 110
LENGTH 2 2 3
ENDOBJ
PATCHW
CORNER -1 -1 2
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FACE SILVER -1 01
LENGTE 2 3 2
ENDOBJ

PATCHW

CORNER -1 -1 2
FACE SILVER 0 -1 1
LENGTH 3 2 2
ENDOBJ
TETRAR

CORNER 2 2 2

FACE SILVER 1 11
LENGTE 2 2 2
ENDOBJ
TETRAR

CORNER -1 2 2
FACE SILVER -1 11
LENGTR 2 2 2
ENDOBJ
TETRAH

CORNER 2 -1 2
FACE SILVER 1 -1 1
LENGTH 2 2 2
ENDOBJ
TETRAB

CORNER -1 -1 2
PACE SILVER -1 -1 1
LENGTH 2 2 2
ENDOBJ

ENDSAT

The orient standard input defines the mach vector. Here the sphere is not moving.

Auroral Kapton-Silver Quasi-sphere orient Execution Standard Input

vmach 0.0 0.0 0.001
end

The nterak execution was completed in three steps with a slightly different standard
input file for each step.

Auroral Kapton-Silver Quasi-sphere nterak Execution Standard Input

comment Initialize
ISTART NEW
comment Choose Physical Models to be used.
IGICAL NO
STHWAKE OFF
AVEPRTCL OR
THRMSPRD ON
comment Convergence Parameters
MAXITT 1
POTCON 4
DELTAT 2e-5
DVLIN 50
comment Define Computat. Grid
DXMESH 1
NXADNT 14



NXADNB 14
NYADNT 14
NYADNB 14
NZADON 14
NZTAIL 14

comment Define the plasma environment
DENS 3.55e9
TEMP 0.2
DEN2 6.0ES
TEMP2 8.023
GAUCO 4.0e4
ENAUT 2.4E4
DELTA 1.6E4
POWCO 13.0El11
PALPHA 1.1
PCUTL 50.0
PCUTH 1.6RB6

comment Define the initial potential
CONDV 1 -1

comment Iterate on the analytical modules
DELTAT 2e-5
LOOP S PWASON CURREN CHARGE
DELTAT 5e-5
LOOP 10 PWASON CURREN CHARGE
DELTAT le-4
LOOP 10 PWASON CURREN CHARGE
DELTAT 2e-4
LOOP 10 PWASON CURREN CHARGE
DELTAT 5e-4
LOOP 10 PWASON CURREN CHARGE
DELTAT le-3
LOOP 10 PWASON CURREN CHARGE
DELTAT 2e-3
LOOP 10 PWASON CURREN CHARGE
endrun

Auroral Kapton-Silver Quasi-sphere nterak Execution Standard Input,
Continuation Run

comment Initialize

ISTART CONT

comment Iterate on the analytical modules
DELTAT Se-3
LOOP 10 PWASOM CURREN CHARGE
DELTAT le-2
LOOP 10 PWASON CURREN CHARGE
DELTAT le-2 N
LOOP 10 PWASON CURREN CHARGE
DELTAT Se-2
LOOP 10 PWASON CURREN CHARGE
DELTAT 0.1
LOOP 10 PWASON CURREN CHARGE
DELTAT 0.2
LOOP 10 PWASON CURREN CHARGE
endrun

Auroral Kapton-Silver Quasi-sphere nterak Execution Standard Input, 2nd
Continuation Run

commant Iterate on the analytical modules
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DELTAT 0.5

LOOP 10 PWASON CURREN CHARGE

DELTAT 1

LOOP 10 PWASON CURREN CHARGE

DELTAT 2

LOOP 4 PWASON CURREN CHARGE

endrun

Geosynchronous Kapton-Silver Quasi-sphere trmtlk Execution fort.3 File

The computer code trmtlk is uszd to determine the charging history of the quasi-

sphere.

The final potential of all of the surface cells in order by potential magnitude is
requested. All the silver cells are at -1.06 kV and the kapton cells are at potentials that
range from —1.21 kV to -2.49 kV. The potential history of one silver cell and the highest
potential kapton cell is requested.

Welcome to POLAR 1.3 TRMTLK ...

Any AID may be called from any MODULE

MODULES
2222222223
HISTORY
LATEST
SINGLE
SPECIAL

AIDS
AR AR RS]
AGAIN
HELP

LOCATION #

OUTLINE

SUBSET
EXIT
SUBSET [GROUP NAME]

Enter any MODULE/AID name or ‘'HELP'

LATEST command or MODE set >> potl
MODE RESET

for help >> latest

LATEST command or MODE set >> magnitude
MODE RESET

LATEST command or MODE set >> list 1 to 159
ON LIST OF DECREASING ORDER

FROM

1 TO

POTL IN VOLTS

-1-1
154-1.
149-1.
144-1
139-1.
134-1.
129-1.
124-1.
119-1.
114-1.
109-1.
104-1.

82-1.

78-1.

89-1,

71-1.

77-1.

.06E+03

06E+03
06E+03

.06E+03

06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+01]
06E+03
06E+03
23E+03
42E+03

159

FOR POLAR CYCLE 150 ...

158-1.
153-1.
148-1.
143-1.
138-1.
133-1.
128-1.
123-1.
118-1.
113-1.
108-1.
84-1.
98-1.
69-1.
RA-1.
79-1.
4-1.

06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
24E+03
46E+03

157-1.
152-1.
147-1.
142-1.
137-1.
132-1.
127-1.
122-1.
117-1.
l12-1.
107-1.
102-1.
60-1.
68-1.
B7-1.
51-1.
2-1.

TIME
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
34E+03
46E+03

161

= 2.69E+0l1 SEC

156-1.
151-1.
146-1.
141-1.
136-1.
131-1.
126-1.
121-1,
116-1.
111-1.
106-1.
64-1.
80-1,
67-1,
86-1,
$9-1,
72-1,

06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+03
06E+01]
06E+01]
06E+0]
06E+0)
06E+03
06E+03
06E+03
06E+0)
14E+03
478+03

155-1.06E+03
150-1.06E+01
145-1.06E+03
140-1.06E+03
115-1.06E+03
130-1.06E+03
125-1.06E+03
120-1.06E+03
115-1.06E+03
110-1,06E+03
58-1.068+03
100-1.06E+02
62-1.06K+:03
66-1,.06R+03
$-1.218+03
70-1.428+0)
8l-1.478+0)



18-1.
74-1.
73-1,
61-1,
54-1.

1-1.
27-1,

9-1.
32-1.
45-1.
46-1.
31-1.
40-2.
94-2.
49-2.

LATEST

47E+03 23-1
48E+03 37-1
S4E+03 50-1
64E+03 16-1.
67E+03 63-1.
69E+03 42-1,
75E+03 ig-1
77E+03 19-1
B1lE+03 41-1
BSE+03 76-1.
86E+0) 25-1.
92E+0) 43-1.
04E+03 48-2.
14E+03 101-2.
28E+03 44-2.

.4RE+0]}
.92E+0)
.54E+0}
65E+03
67E+03
69E+03
.75E+03
.78E+03
.82E+03
8SE+03
A8E+03
94E+0)
04E+03
14E+03
28E+03

8-1.
28-1.
17-1.
55-1.

7-1.
24-1.
47-1.
13-1.
3o-1.
36-1.
14-1.
99-1.
97-2.
92-2.
96-2.

48£+0)
528403
S4E+0)
65E+03
68E+«0}
T4E+03
76E+03
78E+03
82E+0)
B6E+0)
90E+03
97E+013
12E+0)
15E+01
48E+0)

command or MODE set >> history

HISTORY command or MODE set >> potl
MODE RESET

HISTORY command or MODE set >> 50,96

POTL in Volts

L R R L R L R P P P L R P R R R R LR L R R L L L L e

.6E-0J:

Nl e P e M RO O NNHEEWWNN~—~DOLNO
o
o
4
[
re

#1

+=7.27E+01-7
:=-1.05E+02-1
:=1.37E+02-1
:=1.68E+02-1
:=1.99E+02-1
:~2.30E+02-2
:~2.60E+02-2
1 =2.89E+02-2
1=3.18E+02-3
1=3,46E+02-3
1~ 3.74E+02-3
1~4,17E+02-4
1-4,59E+02-4
1-5,01E+02-5%
1=-5,41E+02-5
:=5,.81E+402-5
:-6.20E+02-6
:-6.58E+02-6
1-6.94E+02-5
t=7.30B+02-7
1=7.64E+02-7
:-A,15E+02-R
:-B,64E+02-R
1-9,11B+02-9
t 9,.56R02-9
-9.99E+02-9

:-1.00E+00-1.
:-6.36E+00-6.
:=2.33E+01-2.
:-4.00E+01-4.
:=-5.64E+01-5.

.27E+01
.05E+02
.37E+02
.68E+02
.99E+02
.30E+02
.60E+02
.89E+02
.1RE«02
.46E+Q2
LT4F« 02
L17E+02
.59E+0Q2
.01E+02
.41E+02
.R1E+02
.20E+02
.S8E+02
.94E+02
.30E+02
.65E+02
J15E 02
JO4ENO2
VITEe02
LR 02
V99K 02

2,RE-0):-1,04E+03-1,.04K+0)
3.0E-0):-1.08E+0)-1,0RE+0)
J,2E-03:-1,120+0)~1,12K+0)
J.4E-0):-1,198+03-1.138+0)
1,6E-03:1-1,1AB+0)-1,1RRD)

83-1.
75-1.
12-1.
22-1.

35-1.
11-1.
39-1.
34-1.
65-1.
21-1.
91-1.
90-2.
95-2.
105-2.

48£+03
53E+03
S4E«03
65E+03

.68E+03

T4E+03
T6E+03
T8E+03
84E+03
86E+03
90E+03
97E+03
12E+03
27E+03
49E+03

6-1.48E+03
57-1.54E+03
52-1.63E+03
53-1.65E+03
33-1.68E+0)
20-1.74E+03
15-1.76E+01}
29-1.79E+03
85-1.85E+03
56-1.86E+03
26-1.92E+03
10-1.97€+03
103-2.14E+03
93-2.27E+03

0 0.00E+00
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_23E+03-1.
L27E«03-%,
L31Ee03- 1.
.34E+03 1.
L 3TE+G3- 1.
L408+03-1.
.42E+03-1.
.4>E+03-1.
.44E+03-1,
.458+03-1.
.46E£+03-1.
.47E+(03-1.
.47E+03-1.
-1.47E+03-1.
47E+Q3-1.
L47E+D3-1.
LATEL O3 -1
.47E+03-1.
.47E+03-1.
.47E+03-1
. 478+03-1
.47E+03-1.
.4TE+(3-1
.47E«03-1
.47E+03-1
.47E+03-1.
.47E+03-1.
.47E+03-1.
.47E+03-1
4TE+Q3-3
.47E+03-1
.4T7E+03-1
. 4784031,
.46E+03-2
.46E+03-1
.46E+03-1
.46E+03-1
.46E+03-1
.46E+«01-1
.46E+03-1
.46E¢03-1
.46E+Q3-1
.46E+Q03-1
.46E+03-1
.46E+03-1
.46E+03-1
.46F+03-1,
.46E+01-1.
.46B+03-1.
.46E+03-1,
.46E+03- 1.
.45E+03-1.
.45B+03-1.
.45E+03-1.
.45E+¢03-1.
.45E+01-1.
L45B«03-1.
.45F«03-1.

45E«03 ).

C44EeD3 -}

44801
44k ).
43} 1,
41Ke03- 1.

2318+02
A7E+03
117+03
34E+ 0
I7E+G3
40E+03
428403
438+03
44E+03
45E+03
46E+03
47E+03
47E+03
47g+03
47E+Q3
4TE+G3
48E+03
48E+03}
4BE+03

.47E+03
.47E+(3
47E+03-
.47E+03
-47E+C3
.47E+03

478402

A7E+03".

47E+03

.4T7E+Q3
.47E+C3
.478+03
.47E+03

47E+(3

4T7E+03
47E+(03
.47£+03
.47E+03
.4TE+03
.47E+03
.47E+Q3
.47E+03
.4TE+«03
.478+03
.47E+03
.47B+03
.48E+(3

48E+03
48E+03
4BE+03
48E+03
48B+03
48E+03
48E+03
48E+03
4BE+(3
48E+03
48B+03
49E~03
49E+Q3
49E+03

L49F0}

43k 0}
49E+02
S0B0 3

163



€.4€-01:-1.43E+03-]1.50E+03
6.98-01:-1.43E+03-1.50E+03
T.4E-01:-1.42B+03-1.50E+03
7.9E-01:-1.42E+03-1.51E+03
8.4E-01:-1.42E+03-1.5S1E+03
8.9E-01:~1 _41E+03-1.51E+03
9.9E-01:-1.41E+03-1.52E+03
1.1E+00:-1.40E+03-1.52E+03
1.2E+00:-1.40E+03-1.53E+03
1.3E+00:-1.39E+03~1.53E+03
1.4E+00:-1.39E+03-1.54E+03
1.5E+00:-1.38E+03-1.54E+03
1.6E+00:-1.38E+03-1.55E+03
1.7B<00:-1.378+03-1.55E+03}
1.8E+Q00:-1.37E+03-1.56E+03
1.9E+00:-1 36E+03-1.56E+03
2.1E+00:-1.35E+03-1.57E+D3
2.3E+00:-1.34E+03-1.58E+03
2.5E+00:-1.33E+03-1.59E+0]
2.7E+00:-1.33E+03-1.60E+03
2.9E+Q0:-1.32E+03-1.61E+03
3.1E+00:-1.31EB+03-1.62E+03
3.3E+00:-1.31E+03-1.64E+03
3.5E+00:-1.30E+03-1.65E+03
3.7E+00:-1.29E+03-1.66E+03
3.9E+00:-1.29E+03-1.67E+03
4.4E+00:-1.27E+03-1.69E+03
4.9E+00:-1.25B+03-1.71E+03
S.4E+00:-1.23E+03~1.74E+03
5.98+00:-1.22E+03-1.76E+03
6.4E+00:-1.21E+03-1.79E+03
6.3B+00:-1.20E+03-1.82E+03
7.4E+00:-1.19E+03-1.8B4E+03
7.98+00:-1.18E+03-1.87E+03
8.4E+00:-1.18E+03-1.90E+03
8.9E+00:-1.17E+03-1.93E+03
9.9E+00:-1.15E+03-1.96E+03
1.1E+01:-1.13E+03-2.00E+(3
1.2E+01:-1.12E+03-2.04E+03
1.3E+01:-1,11E+C3-2.08BE+03
1.4E«01:-1 . 11E+03-2.12E+03
1.9E+Q01:-1.10E+03-2.16E+03
1 6E+01:-1.10E+03-2.19E+03
L.7TB«01:-1.09E+03-2.23E+03
1.8E«01:-1.09E+03-2.27E+03
1.9E401:-1.0BE+03-2,.20E+02
2.1E+01:-1.07E+03-2. 35E+ 03
2.3E+01:-1.047E+03-2.42E+0)
2.5E+01: -1 06E+03-2.44E+03
2.7E+01:-1.06E203-2.4BE+03 .
i ’ POTL veysus TIME in Seconds
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HISTORY command or MODE set >> exit
C.5 Geosynchronous Sunlit Kapton Quasi-sphere

The following files are the input and output files for the Geosynchronous Sunlit
Kaptor Quasi-sphere problem shown in Figures 18 and 19 of Chapter 2. The problem
was completed in four steps with a slightly different standard input file for each step. The
first input file shows the options chosen, the object definition, and the environment
description.

Geosynchronous Sunlit Kapton Quasi-sphere Standard Input

RDOPT S
SURPACE CELL 1
LONGTIMESTEP 1000
DELTA .01
DELFAC 1.4
neYC 2
MESE 1
ne 2
e 17
sUNINT 1.
END
OBJDET S
QSPEERRE
CENTER 0 0 O
DIAMETER 7
8108 3
. EATERIAL KAPTON
o ERDOBY
RNDSAT
EIDCRL
CAPACI
. : TRILIN §
’ SINGLE
1.12 co8
12 Xav
+236 CG8
29.5 xav
EMD
ZMD
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Geosynchronous Sunlit Kapton Quasi-sphere Continuation File

RDOPT S5
SURPACE CELL 1
LONGTIMESTEF 1000
DELTA .02
DELFAC 1.4
RESTART
NCYC 7
XMESH 1
NG 2
NZ 17
SUNINT 1.
END
TRILIN &
SINGLE
1.12 ¢38
12 xxv
.236 €68
29.5 v
END
END

Geosynchronous Sunlit Kapton Quasi-sphere 2nd Centinuation File

RDOPT S -
‘SURFACE CELL 1
LONGTIMESTEP 1000
DELTA .311
DELFAC 1.4
RESTART
NCYC 20
IMESE 1
NG 2
NZ 17
soNIMT 1.

END
TRILIN §
SINGLE
1.12 c68
12 KV
.236 CGS
29.5 KV
END
END.

Geosynchronous Sunlit Kapton Quasi-sphere 3rd Continuation File

RDOPT 5
SURPACE CELL 1
LONGTINESTEP 1000
DELTA 84
DELPAC 1.4
RESTART
NCYC 20
n@se 1
%G 2
NZ 17
SUNINT 1.
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END

TRILIN 5
SINGLE
1.12 cas
12 xev
.236 CGS
29.5 KEV
END

END

Geosynchronous Sunlit Kaptor Quasi-sphere Termtalk Execution fort.3 File

The computer code Termtalk is used to examine the time history of the surface
potentials.

A group of those cells facing in the 1 1 1 or -1 -1 -1 direction is defined. These cells
are those facing the sun and directly away from the sun, respectively. The history of the
potentials one of the cells of each group and the ground potential is requested.

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'
>potl
CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'
>history
HISTORY COMMAND OR MODE SET *?
>subset one
DEFINITION OF NEW SUBSET NAMED one
159 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>noxrmal 1 1 1
4 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>which
MEMBERS OF GROUP one
127 128 133 158 0 0 0 0 0 0
4 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>done
GROUP one WITH 4 MEMBERS IS NOW DEFINED
RETURNING TO MODULE ‘'HIST'
HISTORY COMMAND OR MODE SET ?
>subset minus
DEFINITION OF NEW SUBSET NAMED minu
159 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>porsal -1 -1 -1
4 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>which
MEMBERS OF GROUP minu
1 26 31 32 0 0 0 0 0 0
4 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>dons
GROUP minu WITH 4 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'HIST' ’
HISTORY COMMAND OR MODE SET ?
>127,1,-1
POTL IN VOLTS
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.9e+00:~1

.2e+01:-2
.2e+01:-4

.6e+02:-7

.1le+03:-4

-
@
+
(=}
N

.6e+05:-8
POTL VERSUS

o
[+
|
[=]
s
NN WWRDNN R WEWV

.89e+02-3
.3e+02:-1.
.2e+02:-1.
.8e+02:-1,
,6e+02:-2.
.8e+02:-2.
.6e+02:-2.
.8e+02:-3.
.de+02:-3,

55e+00-4
02e+00-6.

.40e+01-9.
.5e+00:-2,
.8e+00:-3.
.le+01:-5.
.5e+01:-8.
.le+01:-1.
.0e+01:-1.

3le+01~1.
63e+01-2.
38e+01-2.
08e+01-3.
13e+02-5.
64e+02-7.

.26e+02-1.
.9e+01:-3.

18e+02-1.

.33e+02-1.
2:-5.

97e+02-2.

06e+03-4.
37e+03-5.
77e+03-6.
16e+03-7
59e+03-8.
98e+03-9.
44e+03-1.
82e+03-1.

.27e+03-1,
.4e+03:-4,
.Te+03:-5.
.0e+03:-5.
.5e+03:-6.
.2e+03;:-6.
.le+v03:-7.
.5e+03:-7.
.2e+04:-8,
.2e+04:-8.
.S5e+u4d:-8,
.3e+04:-8.
.9e+04:-8.
.le+05:-8,

68e+03-1,
18e+03-1.
6le+03-~1.
15e+03-1.
60e+03~1,
15e+03-2.
6le+03~2.
16e+03-2
53e+03-2.
86e+03-2.
92e+03-2.
98e+03-2,
97e+03-2.

.97e+03-2.

LOG (TIME)

1.00e+04+...... 00

*2 #3

.72e-01-1.07e-01
.54e+00 8.
.49%e+00 1.
.18e+00 1.
.04e+00-4
.48e+00-1.
.80e+00-2.
.01e+00-5.
.07e+00-8.
.93e+00-1.
.39e+00-1.
.60e-01-3
.0e+00:-2.
.8e+00:-7.

60e-01 1.02e+00
17e+00 1.47e+00
95e+00 2.44e+00

.77e¢-02 7.31le-01

25e+00-1.07e-01
50e+00-8.48e-01
18e+00-2.82e+00
08e+00-4.71e+00
27e+01-7.96e+00
99%e+01-1.31e+01

.06e+01-2.11e+01
.6le+01-3.28e+01

7%e+01-4.92e+01
85e+01-7.25e+01
41e+02-1.05e+02
00e+02-1.49e+02
82e+02-2.12e+02
96e+02-2.98e+02
50e+02-4.16e+02
61le+02-5.76e+02
042+03-7.92¢+02
42e+03-1.08e+03
9le+03-1.46e+03
54e+03-1.94e+03

.32e+03-2,55e+03

28e+03-3,29e+03
42e+03-4.19e+03
42e+03~5.02e+03

.46e+03-5.87e+03

61le+03-6.79%9e+03
61le+03-7.63e+03
06e+04-8.48e+03
18e+04-9.40e+03
30e+04-1.04e+04
42e+04-1.13e+04
54e+04-1.23e+04
67e+04-1.34e+04
80e+04-1.44e+04
93e+04-1.55e+04
06e+04-1.66e+04
17e+04-1.75e+04

.26e4+04-1,.83e+04

28e+04-1.86e+04
28e+04-1.87e+04
28e+04-1,87e+04
28e+04-1.87e+04
28e+04-1.87e+04
28e+04-1.87e+04
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0.00e+00+.......3..3.3.33.333.33333.333333.

L0004, . e i it e et e

........................................

233311 11

22.00€+04% ..\ rrneeas e T e

B T 4 - 4T E

-3.00e+00 ~1.00e+00 1.00e+00
HISTORY COMMAND OR MODE SET ?
>exit

i1 .
23 11 . .
23 1. .
23 1 .
3 .11 .
23 .11 .
23 . 1 .
23, 11 .
23. 11 .
3 11111
......... 2K 2O
2.
23
.3
23
.23
.2
3
.2 03
3 .
2 3 33 333 3
2 .
2
2 .
2 22 222 2 .
3.00e+00 5.00e+00

C.6 Auroral Kapton Quasi-sphere at Orbital Velocity

The following files are the input and output files for the Auroral Kapton Quasi-sphere
at Orbital Velocity problem shown in Figures 21 and 22 in Chapter 2. Standard input files
are shown for the vehicl, orient, and nterak exccutions. vehicl defines the object, orient,
orients the object within the grid, and nterak computes the interactions.

Standard Input For vehicl Execution For Kapton Sphere in the Auroral

Environment At Orbital Velocity

nxyz 11 11 11
vaach 0 0 0.001
mnatplots yes
sakeplot 4
plotdir 2 3 5
plotdir =2 =3 «§
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plotdir 4 -3 -5
plotdir -2 3 5
objdef S5
end
QSPHERE
CENTER 0 0 O
DIAMETER 7
SIDE 3
MATERIAL KAPTON

Standard Input For orient Execution For Kapton Sphere in the Auroral
Environment At Orbital Velocity

end

Standard Input For nterak Execution For Kapton Sphere in the Auroral
Environment At Orbital Velocity

comment Initialize
ISTART NEW
comment Choose Physical Models to be used.
IGICAL YES
STHWAKE ON
AVEPRTCL ON
THRMSPRD ON
comment Convergence Parameters
MAXITT 1
POTCON 4
DELTAT S5e-5
DVLIK 50
comment Define Computat. Grid
DXMESH 1
NXADNT $
NXADND 9
NYADNT 9
NYADNB 9
NZADON 6
NZTAIL 42
comment Dafine the plasma environmeat
DENS 3.38e%
TENP 0.2
DEN2Z 6,05
TENP2 8.0R3
GAUCO 4.0ed
ENAUT 2.4E¢
DELTA 1.6R¢
POWCO 13,.0mil
PALPHEA 1.1
PCOTL 50.0
PCUTE 1.6R6
comment Define the initial poteatial
coNpvy 1 -1
comment Iterate on the analytical modules
DELTAT le-5
LOOP 5 PWASON CURREN CHARGE
DELTAT 5e-5
LOOP 5 PWASON CURREN CEARGE
DELTAT le~4
LOOP 3 PWASON CURREN CHARGE
DELTAT 2e-4
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LOOP 5 PWASON CURREN CHARGE
DELTAT 5e-4
LOOP 5 PWASON CURREN CHARGE
DELTAT le-3

» LOOP 5 PWASON CURREN CHARGE
DELTAT 2e-3
LOOP S5 PWASON CURREN CHARGE
endrun

Standard Input For Continuation Run Of nterak For Kapton Sphere in the Auroral
Environment At Orbital Velocity '

comment Initialize
ISTART CONT

comment Choose Physical Models to bes used.
IGICAL NO
STHNAKE ON
AVEPRTCL ON
THRNSPRD ON

comment Convergence Parameters
MAXITT 1
POTCON ¢
DELTAT 5e-5
DVLIN 50

comment Define Computat. Grid
DXMESH 1
NXADNT 9
MXADME 9
NYADKT 9
WYADNB 9
NZADON 6
NETAIL 42

comment Define the plasma environment
DENS 3.55e9
PEMNP 0.2
DENZ 6.0R8
TENPZ 0.0E3
GAUCO 4.0e¢
ENAUY 2.4R4
DRLTA 1.6R¢
PONCO  3.0BiL
PALPEA 1.1
PCUTL 50.0
PCUTR 1.6R6

comment Defins the initial potential
conovy 1 =1

commant Iterate on ths anmalytical modules
DRLTAT 3e-)
LOOP 3 PWNASOMN CURREN CRARGE

L DELTAT le-2
LOOP 5 PWASOM CURRERN CRARGR
DELTAT 2¢-2
LOOF 5 PWASON CURREN CRARGE
DRLTAT Se-2
- LOOR 5 PWASON CURREN CRERGE

DELTAT 0.1
LOOP 5 PWASON CURREN CHARGE
DERLTAY 0.2
LOOP S PWABON CURREN CIHARGE
DRLTAT 0.5
LOOP 5 PMASON CURREN CHARGR
endrun
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Standard Input For Second Continuation Run of nterak For Kapton Sphere in the
Auroral Environment At Orbital Velocity

comment 1Initialize
ISTART CONT
comment Choose Physical ¥odels to be used.
IGICAL RO
STHWAKE ON
AVEPRTCL ON
TERMSPRD ON
comment Convergence Parameters
MAXITT 1
POTCON 4
DELTAT Se-5
DVLIN S50
comment Define Computat. Grid
DXMESE
NXADNT
NXADNB
NYADNT
NYADNB
NZADON
NITAIL 42
commant Define the plasaa environment
DENS 3.55e9
TENP 0.2
DEN2 6.0KS
TENP2 8.0E)
GAUCO 4.0ed
ENADT 2.4B¢
DELTA 1.6K¢
POWNCO 3.0E11
PALPEA 1,1
PCUTL 50,0
PCUTR 1.6B6
comment Define the initial potential
conpvy 1 -}
comment Iterate on the analytical modules
DELTAT 1
LOOP 10 PWASOM CURREN CEARGE
DRLTAT 2
LOOP 10 PMASON CURREN CRARGE
DELTAT 5
LOOP 10 PMASON CURREN CRARGE
DRLTAT 10
LOOP 10 PMASOM CURREN CRARGR
endrun

MWW W W

temtlik Interactive Session For Kapton Quasi-sphere In The Auroral Enviroament.

The trmtlk computer code is used to examine the surface potentials of the quasi-
sphere.

The latest module is used to determine the cells with the highest and lowest final
potentials. A subset of the ram facing cells is defined and a subset of the wake facing
cells is defined. The final surface potentials of each of these two groups is requested. The
single module is used to determine the location and potential of each of the wake cells.
Full information on the highest potential cell is requested. These high poteatial cells are




not those that directly face the wake, but have normals that are not parallel with the Z
axis. The elevated potentials on the surfaces with normals in the Z direction are due to
focusing. Finaily, a time history of the surfaces in the center of the +Z and -Z faces. the
highest potential surface, and spacecraft ground are requested.

Welcome to POLAR 1.3 TRMILK ...

Any AID may be called from any MODULE

MODULES
Red N R bR
HISTORY
LATEST
SINGLE
SPECIAL

AIDS
Asasenes

AGAIN

HELP

LOCATION ¥

QUTLINE

SUBSET
EXIT

SUBSET (GROUP NAME]

_Enter any MODULE/AID name or ‘HELP' for help >> latest

LATEST command or MODE set >> potl

MODE RESET

LATEST comnand or MODE set >> ssguituds

NODE RESET

LATEST command or MODE set >> list 1 to 189

FRONM b
POTL IN VOLTS
154-1.15E+00
5-1.078+02
6-3,748+02
150-4.22E+02
" 19-4,90E+02
37=5,12E+02
13-5,18E+02
39-5,26E+02
28-5.41E+02
29-5.61E+02
33-6.028+02
147-6.318+02
34-6.60E+02
12-6.72E+02
83-6.78E+02
89-6.84E+02
776.90B+02
1)7-7,268+02
140+~7.298+02
121-7.338+03
99~97. 408403
105-7.4)E+02
96-7.46E+02
91-7.60E+02
98-7. 57802
50-7.73R+02
$1-7.80E.02
119-8.03E+02
132-8.08E+02
128-8.338e02
110-8.378+02
145-8.46E+02

™ 189

POR POLAR CYULE 111

157-6.01R%+40
4~1,0688+02
17-3.988+02
152-4,22B+07
15~-4 . 90E«02
28~5.13E+02
35-5.19E+02
25-9,28E8+02
47-5.41B+02
88-5.88R+02
42-6.03E202
142-6.348+02
14-6.68E+02
41-6.738+02
85-6.79E«02
87-6.84R402
267 08802
146=7 278602
$3-7.318+02
1127 . 342+02
108=7, 40E002
106-7. 438202
94-7.46Ee02

101-7.5uBe02

192-7.67R+02
697, 74R+02
61-7.88E+02
130-8.04E+02
59-8.09B+02
115-8. 338402
13648 37802
149-8.488+02

153-6.508+00

2-1.488+02
12-4 .15B«02
156-4.23E+02

3-5.14B+02 -

21-5.21E+02

14~5.)2E+02

46-5.4)B¢02
71-5.92E+02
Au~6.04B«02
141-6.)58+02
44-6.69E+02
16-6.7T5B+02
86-6.81E+02
45-6.858+02
30~7.16E+32
144-7.278+02
1487, JiBe02
1317, J4Es02
65-7.418+02
104-7 . 44E«02
93-7.49E02
109-7.610+02
9747.69E+02
$2-17,76E+02
£0-7.888+02
120-8.04E+02
123-H.09E+02
118-8. {38402
127-8. 408002
1)8-6.48B02

173

ON LIST O¥ DECREASING ORDER
<.« TINE = |.848+02 SEC

155-7.618+00
- 1B=3.61E+02
23-4.158+02
16-4 TR0

1.5, (EB«02
22-5,.17B+02
11-5.228+02
40-%, 37802
485, 45802
9.5 ,93B+02
43-6.10B+02
«1:85, 4B+ 02
31:-€.869802
?5:6. 75802
49-6 82802
82-6.89E+02
$56-7.21E+02
64-7,.28R+02
1397, 31Es02

122.7. 318402

6§37 41802
95-7.45R+02
100-7.55E+02
10%-7. 62802
58.7.69E+02
$7-7. 11802
68-7. 978202
124-8.068-02
129-8. 32802
1338, 34E02
117-8. 408402
134-8.50E+02

151-1.408+01
-3, 70B+02
1%8-4.20B+02
20-4 . 8CEe02
24-5.09E+02
-9-9.18E8+02 -
19-3.258+02

36-5.198e03

27-% . %iBe(7
32-5.94E«02
1366, 30802
13-6.%6802
70-6.7T1E02
84-6,758:02
81-6,038e02
78-6. GO0
135=7.238e02
14)-7,.28802
§5.7. 32802
6$6-7,38R¢02
54-7, 42602
193-7. 45852
62-7.59E+02
92+7.61%e02
€7-7.728+02
90-7.808+02
11)-8.028+062
111-8.078+02
114-8.3)Re02
125-8. J6EeN2
116-8. 42802

2 0.00E+00




LATEST command oy NODE set >> subset ram
DEFINITION OF NEW SUBSET NAMED RAM
159 REMAINING IN GROUP

SUBSET command please >> numl ¢ G1
9 REMAINING IN GROUP

SUBSET command pleuase »»x done
GROUP RAM WITH 9 MEMBERS IS NOW DEFINMED
RETURNING TO MCDULE “LATE®

LATEST command or MOLE set >»> subse:. wake
DEPINITION OF NEW SUBSET MAMED WAKE
159 REMAINING IN GROUP

SUBSET command please »x unml 201"
9 REMAINING IN GROUP

SUBSET command pleass »» dobe
GROUP WAKR WITH 9 MEMHERS 1S NOW W&HBD
RETURNING TO MODULE ‘LATE®

LATEST command or MODE zet »>» groug rfm

POTL IN VOLTS FOR POLAR CYCLR 11 ... TIME = )1.84EB+02 SEC -
184~1.33E+00 157-6.01B:00 251§, 5@51"30) 199-7. 01800 151-1. 408*0‘1
158-4.20B+02 150-4.22E+02 153-4.32B+02 156-4.238+02 0 0.008«QD

LATEST comemand or MODE set »>» group wake 4

EOTL IN VOLTS PFOR POLAR CYCLE-111 ... TIME = 1.84R+02 SEC ,
£-1.078+02 4-).08E«02 2-3.488:02 - 8-}, 7002 6-),MED2
1-5.08E+02 - 795, 068+02 3-5. 14882 9-5. 188002 0 0.00E«00

LATEST comaand ox NODE zet »> single .
SINGLE comsand or HO% et s 1 -
wam:euo1cmmmmsso 50 00
" NATERIAL 15 NAPT ‘ ) : '
POTENTIAL * -5.04628402 VOLTS

SIHGLE cmd or NOOE st »» A

ARMEUL B RAMAF U NS AANB U R M AN AT BN NARR L AR S A RARBLL Y MU URCERN S EMNYASN %™l u ARSI

SURFACE NO. 2 ‘ . CENYERED AT 6,50  $.%0 3.000

NATERIAL 1S KAPT ' ' : :
POUSHTIAL x +). 48198402 VOLTS

s:m Wm or WODE s&t »S, 3

SURFACE %0, ) , , mw A .50 .80 3.00

NATERIAL IS KAPT o o .
POTENTIAL = +5.13798+03 VOLTS

SINGLE cossmand or MGBE set >» & - '

i NS AL NN AN RS AN MU SRS NI TN R AR RS BN d kA NG G DN . NBMLALBARBURAKARELTAT ADASS

SURFACE NO. 4 ) me &Y. 5.50 6.5 .06 -
HATERIAL 8 XKAPT

CPOTENTIAL  * =3 0794502 VOULTS
FINGLE cosmand or WOE et »> 3
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- = T ™ = R e > e e = = = e = e = Y " = ey = e e S e e e e e

SURFACE NO. 5 CENTERED AT 6.50 6.50 3.00
MATERIAL IS KAPT

POTENTIAL

[{]
1
-
o
~3
ad
w
m
+
(=]
[ 8]
<
8
-3
173

SINGLE command or MODE set >> 6

- - - - e . W e e = L e s Y AR = e e = = e e v e T e e A -

SURFACE NO. 6 CENTERED AT 7.50 6.50 3.00
MATERIAL IS KAPT

POTENTIAL

"

-3.7373E+02 VOLTS

SINGLE command or MODE set >> 7

SURFACE NO. 7 CENTERED AT 5.50 7.50 3.00
MATERIAL IS KAPT

POTENTIAL

-5.0558E+02 VOLTS

SINGLE command or MODE set >> 8

SURFACE NO. 8 CENTERED AT 6.50 7.50 3.00
MATERIAL IS KAPT

POTENTIAL -3.6974E+02 VOLTS

SINGLE command or MODE set >> 9

SURFACE NO. 9 CENTERED AT 7.50 7.50 3.00
MATERIAL IS KAPT

POTENTIAL

-5.1751E+02 VOLTS

SINGLE command or MODE set >> everything
MODE RESET

SINGLE command or MODE set >> 138

- n o e e = . e e 4 S e e = A e = = e e W T G e T e e - -

SURFACE NO. 134 CENTERED AT 4.133 4.33 9.67

MATERIAL IS KAPT NORMAL IS -1 -1 1

SHAPT. IS EQUILATERAL TRIANGLE SURFACE AREA = 8.6603E-01 M**2
POTENTIAL = -8.4963E+02 VOLTS

UNDERLYING CONDUCTOR NUMBER IS 1

UNDERLYING CONDUCTOR POTENTIAL = -6.4448E+02 VOLTS

DELTA V = -2.0515E+02 VOLTS

INTERNAL FIELD STRESS -1.6154E+05 VOLTS/METER

EXTERNAL ELECTRIC FIELD -3.1022E+02 VOLTS/METER
FLUXES IN AMPS/METER**2

INCIDENT ELECTRONS -1.4903E-05
RESULTING SECONDARIES 1.4646E-06
RESULTING BACKSCATTER 1.5587E-06

INCIDENT IONS 1.0949E-05%
RESULTING SECONDARIES 7.8050E-07

BULK CONDUCTIVITY -1.6154E-11

HOPPING CURRENT 0.0000E+00

PHOTOCURRENT 0.0000E+00

TOTAL FLUX THROUGH SURFACE -1.5159E-07

SINGLE command or MODE set »> history

HISTORY command or MODE get >> 154,3,134,-1



: 1 82 #3 L 1]
0.0E8+00: ~1.008+00-1.00E+00-1.00E+00~1.00E+00
2.0B-05:-7.02E+00-7.02E+00~7. 02E+00-7 . 02B+ 40
4.0E-05:-2.54E+01-2.54E+01-2.54EB+01-2.54E+01
6.08-05;~4.258+01-4.25E+01~4.25E+0)-4.258+01
8.08-05:<3.91E201-5 _91E+D1-5,.91E8+01-5.318+01

1.0B-04:-7.51E+01-7.508+01-7.516+01-7. 518+ 01 .

1.5E-04:-1.06E+02-).06E+02-1 06E+02-1. Q6+
- 2.08-04:-1.36E+02-1.35E+02~1 . I6E+02-]_36E02
2.96=04:-1.658+02-1 65R+02~1.65K+02-1. 65E+02
3.0E~04:+1.92E¢02-1.92E8+02-1.92E+02-1. 928+ 02
3.9E-04:-2.18E+02-2. 18E+02-2 . 18E«02-2. 18E+ Q2
4.5B-04:-2.978+02-2.576602-2  $78+02-2. 378+ 02
5.SE-04:-2.94Be02.2.948~02-2 . F4E+02-2 . 24B202
£.5E-04:-) 295+Q23-1 .298+02-3.298+02-1.298+02

T.5E-041-Y . 61Be02-1 G1E«D2<3 . 61E02-3 61E40%

2.88~02:-1.90Be02~1 90E+02<Y 90E+02-3.90E+02
1. 838834, J2E402+4 J2E«02-4 . J2E+02-4. J2BQ2
(RE-03: -4 P0ReQ2:4  GIR602 4 . TORD2-4, 7002
AE-Q):<%.028002~5.028+02+5.028+02-5.028+02
BE-03:-9.308+02-9. 3054029, 31Ee02-5. 31802
OB-0Y1 =8 SYEAD2-S . 958025 56E025. %6802
E=D3: -5 . BEE«02-5. BEE«0?-% Q70003 -5. 878402
VIE-03:-6. 11BeOR~E, 118« 316 12B0D2-6, 125:D2
JEE=03: =6 J0Es03-5 . J0B+02-8 . S1E€+403-6, J15+02
PE=031 <6, YIE02-8 . 40E»02-6.41E202-8 . 4382
48-03: =8 492038 49E=02-€.513+02=8.51882
$E20) 126, 568e02-6.58E+02-6.598+02-6, 58802
GE-03 6, GOEe03=6 . G1E+02-6.64E+03-6.838T2

T 4E~03:6.820e02:-8 S3Be02-& HTRD2=8_ 66802

B.4E=0) 8. 638028 B3E+02-8,. 698028 E8E+02

9.4E-031 -8 . BIR=27=-0. RRE=02~8, 1082 -4, 68ED2
- 1. 1E=02: <8 A)EeDI-6 65K+ 12-6 OB 0D -4, EIR202
© 1 IR02 6 1K 02-8 658 02-8 TOE+03 5. EFEDY

3.05E=02: -6 818 02-& . ESB»02-6. 7182035 . £I802

.
'

H
i
1
i
2
g
3
3
F
&
8

bOTB=02: 6. S9E-02-6.638+22-6, 71820216, 89803

S 2.98=02:-6 . 998402-6 . 6382026, TIRs0-6.6IB 02

CZ,4E-021-6.546402-6. 6204026 T2B+ 036, 902
2 98 -00:-6.908-02-6.618+62-8. TIB+D2:6, G922
3.48-02: ~& JABeB2-6 . SIB+VL-6. VIEAD2=6, 63842

3.9002:~6. J68e02-6. S8R+ 02 -6 . T4E+02-0. 69802
4. 4E-02: 5. 428e02=6. $8E~02-8. TAC+ 026 9B+ 02

§ . 6-02:6. ITR=02-6 S4B202-§ . 16R+02-6. 498202
& QB-02;:8. 308+02-6.%18+02-6, Y7806, $9R403
T 4B=02: «§. 25Es02-6  49E202-6, VIE202:6. 69+ 02
8 R-02: <6 18E=C2-6 46E+02-6. BUB+05-6, 698402
9.38-.02:=6. 1 IEsD2-6 . JIE=02 -6 184026 §IEs0
1.18-00:26. VLB=02-6. J9B+G2-€. RAL02-6. 69802
1. 38<01:49,938502-6. 39207 <% §IE+02-6. T0E»02
1. SB-00:-5. TIE902+6. 2K+ 02-6 BEO2-6. 698+02
1.76:01:25 . 1084028 . 24E+62-6 91E002.6 . $98+02
1.98-01:2%5.578e02-6. 19E202-%. 9IRe02 -6, 69K+ 02
2.88<08:=5. 3T8e02-6 . UYE202-7 OB D26 . T0E=03
Z.9E-01:-9. 13Re02-5. WEE D2+ 7. 058026 . 70802
2. OK=01: <8, 938D S  ESEs0Z: T, JOR02 -6, TOR02
P.OR-Ohc 4 GBEsD2: % VIEA0Z-7, §SRs02-6. $YH+02
3. 3801 4. 48Bs02-5 . 6TBG2 7 19K+ 02-6. 6803
S SE=0). 4. 10RO~ 50K+ 02-7 29E02-6. 70K=02
€ IN:08:-3. TEEeO2 B PINeGT .Y, INE202.6. 708202
¥ .3E-08:=3. 080025 LYR*0Z=T . $5EUL-6 . 69Ev D2
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BN N« SV B FRRVRY VIR B S I I SR TR RV I 3

I

B NV RV B R PR VRV VR R Z R A PR N N I o A A i B

g gt b P ps e e b O D D O

QE-01 5 #Feul 9 OlEeQ2-7 S Ee .o o GAEHL
QE-J1 0 T4ECG2 3 AIE02 -7 SeEeLl ¢ KTECGL
TEeQQ 0 JHE=OY & SRE0Z -7 69K« o 6TEGL
LEeGO -3 "TEeNl -4 46E«02-7 TRE« L & 66E.02
SEO00 . -1 QY%E«02 § 34EeQ2 7T RIFEU2-6.69E«02
CTEeQ0 -1 G7EOQ2 § 09Fe02-7 9IE+02L-6 64E.02
.9EeQQ--R 3IRE«Q01-) FLE«02-7.99E0-6.62E«02
.4Be00:-% 0%Ee01-31 64E«02-8.12E«CG2-6.63E+02
.9E«00:-3 Y0E~-01-3 SRE«D2-8.22E«02-6 61E~02
.AEeQ0Q- -1 FIE«L1-Y 3AESQ2-R 26E+02-£ S0E«02
C9Ee00- -3 5lEeC0-3 J1ECQ2-8.13EeQ2-€ SRE.QD
CRAEeGO -3 3I%FEe(D-1 29E«02-R_36E+02-6.5TE+02
SEeQD 1 GUECQ0-) 1SE«Q2-8.37E«O2-4 . 5%5E02
4EeJ0 -1 9.F.00 3} OAE«Q02-B 43E-O02- -6 SIEGL
CSEe0J -1 N_EeGC-J 9TEQI2-8.41Ee02-% SIEO2
LAES(O:-1 TOECCO 2 .93E«Q2-8.44Ee 006 S2E02
QE00 -1 “9Ee(f -2 RIE<02-8 $3E«L2-6.S0E«02
LQEeQl -1 udFeSy I TRE.Q2-R . 4HEe22-% SQE.QC
LEeDLl -1 SJIEeI0 2 T1Ee02-8 45Ee02 -~ 49E«Q2
L2EeQl -1 SEEe(D-L S1Ee02-8.45E-02-€ 4RE.O2
CJESQL -1 S2FeQ L 4S5E«02-8 47E.02-6.47E+02
.4E~01.-1 42E-00-1 48BEe02-R J1E-D2-6 46E.0OQ
6E+O1:-1 3$7EeD3-2 IIESQ2-B SHE+Ql -5 46E«02
LREeQ1l -1 33EeQ0G-2 295E«02-R $7EG2 -6 46E«02
LOE«Q) -1 $.E«0Q 2 18E«02-8 4RE«0Q2-6.46E+02
L2Ee01 -3 . 80E«l0-2 11E«02-R 4BE«Q2 -5 46E-02
.4Ee0l -1 JAE«0O3-2.03E«02-B . 4SE+02-6 46E-02
EE+01--1 JEE+C0-1.98E«02-8B 47E+G2 £ 46E-Q2
.9EeGl:-1 3SE«CC-] 91E«02-8 46E«02-6 46E«02
LOE+01:-. 33E«C0-1.86E+02-8.46E-02-56.46E«02
L2Ee0l:-. I2E«0C-1.80E«02-8 _47E«02-€_46E-02
.4EeQl:-1 JOE«(QO0-1.75E«02-8_4SE-02-5.46E+0Q2
.9EeQl:-1 23E«{05-1.71E+02-8 46E+02-6_45E+02
.4E¢Q1--! 29E+CO-1.67E+02-8_47E-02-6 .45E+02
_9E+Ql:-1 . 27E+00-1.61E«02-B.49E+D2-6 _45SE«02
4E+0l:-1 26E+J0-1.96E«02-8 41E+02-6_45E+02
9E«Ql- -1 25E+(0-1.52E«02-8_.91E+(2-6 45E+02
4E+01:-1 23E+00-1.48E«02-8 44E«02-65 45E«02
YEeQl:-1 23E¢00-i 44E+02-8 _47E-02-6._45E«+Q2
L 4Ee01: -3 22E+50-1.40E«02-8_49E+02-6 4SE«02
_9EeQl -1.22E«00-1.37E«02-8_47E«02-6 45E-02
.4E*O0l -1.21E¢00-1.34E+02-8 S2E«02-6 45%E«02
4E+D1:-1 20E«Q0-1.12E«02 . . E¢02-6_¢5E+Q2
LCE+02:-1 20E«NQ-; 2BE«02-8.4_.E+02-6 Q4E~-02
1EeQ02 ~1.19EeG0-1.26E«02-B 45E«Q2-6 4SE«Q2
L 2ZEe02 -1.1RE«D0-1.2)E«02-8_%50E«02-5 I5E«02
CJEeQ2- -1 13EeJU-) 20E«02-8 JO0Eeul &~ Q4EeG2
_4Fe02 -1 1TEe09-1 17E«02-8 47E«0l - $4E«Q2
SEeQ2 -1 16Eef2-] 19E«02-8 47Eeul » 45E«0L
L6Ee02 -1 16E«%50-1 12E«02-R J3IE« 2 4 J4E-0&
LTEeQ2 -1 1AFeT0 i 10E«02-8 4IE«L7 » Q4E-0Q
LAEe02 -1 1SEe00 1 O7E«Q2-R SGEQ2 o JIE02]
POTL versus TIME 1n Seconds
b1 T B TRS R AR B I S S S S . : .
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C.7 Spinning Spacecraft in Geosynchroaous Orbit-SCATHA

The following files ar the input and cutput files from the various computer codes used
in Sectson S, :

Matchg Executisa (fort.3) fer Spianing Spacecrafl in Gessynchreanous Orbit
SCATHA

This i the fort. 3 file generated from the execution of Matchg to create Table 4. The
eavironaeat 18 set to the severe substorm cavironment usiag the change enviroament
command. The matenal » wt (o gold. A summary of potentials and currents before and
after charging is requested. The process is repeated for all of the surface matenals. During
the cxecution. the obgect definition file (helow) was used as a fort.8 for matenal
detinitions

NEL ME TC O MATOHG A~ MATERIAL CHARGING

PR AN TUPE  HELP AT ANY TINE FOR ASSI TANKE
MATEF TAL 17 S0LD

BV IF AMENT WOW TINGLE MAXKELLIAN

change envi nel 1.1l2eé
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ENVIRONMENT IS A SINGLE MAXWELLIAN

s ELECTRONS: NE1

= 1.12e+06 (M**-3) TELl = 1.000 KEV
R} B . IONS : KMI1 = 1.00e+06 (M**-3) TI1 = 1.090 KEV
. - T change envi tel 12
: ENVIROMMENT IS A SINGLE MAXWELLIAN
T R - ELECTRONS: NEL : 1.12e+06 (M** 3) TEl = i2.000 VEV
: - IONS : NIl = 1.00e+06 (M** 1) TI1 = 1.000 KEV
. : charge envi nil 2.36e5
S ENVIRONMENT I A SINGLE MAXWELLIAN
S . s ELECTRONS: NEI 1.120406 (M** 3) TEL = 12.000 FEY
o e : TONS D NLL - 0 36ed05 (M 3, TII = 1000 KEY
K o change envi til 29.5
ENVIRONMENT IS A SINGLE MAXWELLIAN
ELECTRONS: MEl = 1.12e+06 (M**-3) TEL = 12.600 KEV
I0NS : NI1 = 2.36e+05 (M**-3; TIL = 29.500 KEV

change material GOLD

MATERIAL IS GOLD

result charge

CYCLE 1 TIME 0.00e+00 SECONDS POTSNTIAL 0.00e+00 VOLTS

INCIDENT ELECTRON CURRENT -31.30e-06
SECONDARY ELECTRONS 1.29%e-06
BACKSCATTERED ELECTRONS 2.1Ce-06

INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS 1.02¢-07

NET CURRENT 2.17e-07 AMPS/N°*°2

CYCLE 16 TIME 8.00e-01 SECONDS POTENTIAL 13.3Re-01 VOLTS

INCIDENT ELECTRON CURRENT -3.30e-06
SECONDARY ELECTRONS ~1.09e-06
BACKSCATTERED ELECTRONS 2 10e-06

INCIDENT PROTON CURRENT . 2.5%4e-08
SECONDARY ELECTRONS R.64e-08

NET CURRENT 2.83e-10 AMPS/M°**2
change msterial SGLAR

- NATERIAL 1S SOtA

result charge

CyCLZ 1 TIME 0.00e+00 SECONDS POTENTIAL. 0 (Qe+00 VYOLTS

TNCIDENT ELECTRON CURRENT -1 i0e- 06
* SECONDARY ELECTRONS 1 4%-06
BACKSCATTERED ELECTRONS | 07e-06
INCIDENT PROTON CURRENT 2 54e-0R
SECONDARY ELECTRONS 6 92e-08
BULK CONDUCTIVITY CURRENT 0 00esQ0
NET CURRENT 6 Hde-07 AMPS/M**:
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CYCLE 99 TIME 3.23e+04 SECONDS POTENTIAL -1.82e+04 VOLTS

INCIDENT ELECTRON CURRENT -7.24e-07
SECONDARY ELECTRONS 3.19e-07
BACKSCATTERED ELECTRONS  2.34e-07

INCIDENT PROTON CURRENT 4.10e-08
SECONDARY ELECTRONS 1.19%e-07

BULK CONDUCTIVITY CURRENT 1.02¢-09

NET CURRENT -1.02e-08 AMPS/M**2
change material WRITEM

MATERIAL IS WHIT

result charxge
CYCLE 1 TIME 0.00e+00 SECONDS POTENTIAL 0.00e+00 VOLTS
INCIDENT ELECTRON CURRENT -3.30e-06
SECONDARY ELECTRONS 7.33e-07
BACKSCATTERED ELECTRONS 8.01e-07
INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS 1.14e-07
BULK CONDUCTIVITY CURRENT 0.00e+00

NET CURRENT -1.62e-06 AMPS/M**2
C/CLE 14 TIME 4.493e+04 SECONDS POTENTIAL -1.23e+03 VOLTS

INCIDENT ELECTRON CURRENT -2.98e-06
SECONDARY ELECTRONS 6.62e-07
BACKSCATTERED ELECTRONS 7.23e-07

INCIDENT PROTON CURRENT 2.65e-08
SECONDARY ELECTRONS 1.19e-07

BULK CONDUCTIVITY CURRENT 1.45e 4

NET CURRENT -2.32e-10 AMPS/M**2
change material SCARREM

MATERIAL IS SCRE

result ciirge
CYCLE 1 TIME (.00e+00 SECONDS POTENTIAL 0.00e+00 VOLTS
INCIDENT ELECTRON CURRENT -3.30e-06
SECONDARY ELECTRONS 0.00e+00
BACKSCATTERED ELECTRONS 3.24e-07
THC LDENT PROTON CURRENT 2.54e-08
SECONDARY ELETTRUNS 0.00e+00

NET “URRENT -2.95e 04 AMPS/M**2
CYCLE 99 TIME 3 53e+(GC SECONDS POTENTIAL -2.76e+04 VOLT:

INCIDENT ELECTRUN CURRENT -3.3le O
SECONDARY ELECTRONS 0.00e+00
BACKESCATTERED ELECTRONS  3.26e-0F

INCIDENT PROTON CURRENT 4.91e 0K
SECONDARY ELE( TRON: 0.00e¢00

NET CURKENT -2.50e¢ 07 AMPS/N**2
change material YRLOWC
MATERIAL 1S YELG

result charge

1RO




CYCLE 1
INCIDENT ELECTRON CURRENT -
SECONDARY ELECTRONS
BACKSCATTERED ELECTRONS
INCIDENT PROTON CURRENT
SECONDARY ELECTRONS

TIME 0.00e+00 SECONDS

POTENTTAL 0.00e+20 VOLTS

.30e-06
.33e-07
.0le-07
.54e-08
.14e-07

NET CURRENT -
CYCLE 99
INCIDENT ELECTRON CURRENT -
SECONDARY ELECTRONS
BACKSCATTERED ELECTRONS
INCIDENT PROTON CURRENT
SECONDARY ELECTRONS

TIME 2.24e+0] SECONDS

1

.62e-06 AMPS/M**2

POTENTIAL -2.12e+04 VOLTS

.65e-07
.26e-07
.37e-07
.36e~08
.(i%9e-07

NET CURRENT -
change material PDGOLD
MATERIAL IS PDGO
result chargs

CYCLE 1
INCIDENT ELECTRON CURRENT -
SECONDARY ELECTRONS
BACKSCATTERED ELECTRCNS
INCIDENT PROTON CURRENT
SECONDARY ELECTRONS

TIME 0.00e+00 SECONDS

3.
.46e-06
.03e-06
.54e-08
.02e-07

.39e-08 AMPS/M**2

POTENTIAL 0.00e+00 VOLTS
30e-06

NET CURRENT
CYCLE 22
INCIDENT ELECTRON CURRENT -
SECONDARY ELECTRONS
BACKSCATTERED ELECTRONS
INCIDENT PROTON CURRENT
SECONDARY ELECTRONS

TIME %.47e-01 SECONDS

3.
.16e-06
.03e-06
.54e-08
.16e-08

.17e-07 AMPS/M**2

POTENTIAL 4.53e-01 VOLTS
30e-06

change material BLACKC

MATERIAL IS BLAC

result charge

CYCLE 1
INCIDENT ELECTRON CURRENT -

SECONDARY ELECTRONS

BACKSCATTERED ELECTRONS
INCIDENT PROTON CURRENT

SECONDARY ELECTRONS

NET CURRENT

CYCLE 99
INCIDENT ELECTPON CURRENT

SECONDARY ELBUTRONS

BACKSCATTERED ELECTRONS
INCIDENT PROTON (URRENT

SECONDARY ELECTRONS

NET CURRENT

chango material KAFYOM

TIME 0(.00e+00 SECONDS

TIME 2.24c2+03 SECONDS

.46e-10 AMPS/M**2

POTENTIAL 0.00e+00 VOLTS

. 30e-06
.3le-07
,0le-07
.54e-08
.14e-07

62e-06 ANPS/N*°*2
POTENTIAL -..12e+04 VOLTS

.65%e-07

26e-07

37e-07

16e - 08
13- 07

9908 AMPS/N** .
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MATERIAL IS KAPT
result charge

CYCLE 1 TIME 0.00e+00 SECONDS POTENTIAL 0.00e+00 VOLTS

INCIDENT ELECTRON CURRENT -3.30e-06
SECONDARY ELECTRONS 7.33e-07
BACKSCATTERED ELECTRONS 8.0le-07

INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS 1.14e-07

BULK CONDUCTIVITY CURRENT 0.00e+00

NET CURRENT -1.62e-06 AMPS/M**2
CYCLE 99 TIME 1.77e+04 SECONDS POTENTIAL ~-2.08e+04 VOLTS

INCIDENT ELECTRON CURRENT ~5.84e-07
SECONDARY ELECTRONS 1.30e-07
BACKSCATTERED ELECTRONS 1.42e-07

INCIDENT PROTON CURRENT 4.32e-08
SECONDARY ELECTRONS 2.07e-07

BULK CONDUCTIVITY CURRENT 1.64e-08

NET CURRENT -4.56e-08 AMPS/M**2
changs aaterial 8102

MATERIAL IS SIO2

result charge
CYCLE 1 TIME 0.00e+00 SECONDS POTENTIAL 0.00e+00 VOLTS
INCIDENT ELECTRON CURRENT -3.30e-06
SECONDARY ELECTRONS 1.33e-06
BACKSCATTERED ELECTRONS 1.07e-06
INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS 1.14e-07
BULK CONDUCTIVITY CURRENT 0.00e+00

NET CURRENT -7.59e-07 AMPS/M**2
CYCli 4 TIME 1.89e+04 SECONDS POTENTIAL -7.53e+01 VOLTS

INCIDENT ELECTRON CURRENT -3.28e-06
SECONDARY ELECTRONS 1.32e-06
BACKSCATTERED ELECTRONS 1.06e-06

INTIDENT PROTON CURRENT 2.55e-08
SECONDARY ELECTRONS 1.14e-07

BULK CONDUCTIVITY CURRENT 7.53e-07

NET CHRRENT +1.56e-10 AMPS/M**2
change aaterial TEFLOM

MATERIAL IS TEFL

result charge
~YCLE 1 TIME O Oue+00 SECONDS POTENTIAL 0.00e+00 VOLTS
INTIDENT ELECTRON CURRENT ~3.30e-06
SECONDARY ELECTPONS 1.3% 06
BACKSCATTERED ELECTRUNS 9.25%e )7
{HCIDENT PROTON CURRENT 2.54e 18
SECONDARY ELECTRONG 1. 14e 07

KULY CONDRICTIVITY CURKENT 0.30e+00

NET CHRPENT -5 R0e 97 ANDP/Meo2
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CYCLE 99 TIME 1.86e+04 SECONDS
INCIDENT ELECTRON CURRENT
SECONDARY ELECTRONS
BACKSCATTERED ELECTRONS
INCIDENT PROTON CURRENT
SECONDARY ELECTRONS
BULK CONDUCTIVITY CURRENT

NET CURRENT -8

change material INDOX
MATERIAL IS INDO
result charge

CYCLE 1 TIME 0.00e+00 SECONDS
INCIDENT ELECTRON CURRENT -3
SECONDARY ELECTRONS 6
BACKSCATTERED ELECTRONS 1

INCIDENT PROTON CURRENT
SECONDARY ELECTRONS
NET CURRENT -1
CYCLE 99 TIME 1.0le+03 SECONDS
INCIDENT ELECTRON CURRENT -7
SECONDARY ELECTRONS 1
BACKSCATTERED ELECTRONS 3

INCIDENT PROTON CURRENT 4
SECONDARY ELECTRONS 2
NET CURRENT -1

change material YGOLDC
MATERIAL IS YGOL
result charge

CYCLE 1 TIME 0.00e+00 SECONDS

INCIDENT ELECTRON CURRENT
SECONDARY ELECTRONS
BACKSCATTERED ELECTRONS

INCIDENT PROTON CURRENT
SECONDARY ELECTRONS

—_ P s B (o

NET CURRENT -1l

CYCLE 99 TIME #8,68e+02 SECONDS
INCIDENT ELECTRON CURRENT -6
SECONDARY ELECTRONS )
BACKSCATTERED ELECTRONS 3
INCIDENT PROTON CURRENT 4
SECONDARY ELECIRONS 1

NET CURRENT-‘:é
change material ALUMIM

MATERIAL IS ALUM

Tesult charge

CYCLE l TIME  0.00es00 SECOND.
INCIDENT ELECTRON CURRENT '

POTENTIAL -1.6%e+04 VOLTS
.08e-07
.32e-07
.27e-07
.99%e-08
.88e-07
.33e-08

.63e-09 AMPS/M**2

POTENTIAL 0.00e+00 VOLTS
.30e-06
.6le-07
.46e-06
.54e-08
. 18e-07
.03e-06 AMPS/M*+2
POTENTIAL -1.82e+04 VOLTS
.24e-07
.45e-07
.21e-07
.102-08
.0le-07

POTENTIAL 0.00e+00 VOLTS
.30e-06
.89%e-07
. 14e-06
.54e-08
.02e-07
.20e-06 AMPS/M**2
POTENTIAL -1.99e+04 VOLTS
.27e-017
. 36e-08
.3le-07
.25e-08
.R2e-07

.8le-08 ANMPS/M**2

PUTENT AL
the 06
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SECONDARY ELECTRONS

BACKSCATTERED ELECTRONS
INCIDENT PROTON CURRENT

SECONDARY ELECTRONS

NET CURRENT
CYCLE 39 TIME 7.71e+02
INCIDENT ELECTRON CURRENT
SECONDARY ELECTRONS
BACKSCATTERED ELECTRONS
INCIDENT PROTON CURRENT
SECONDARY ELECTRONS

NET CURRENT
change material BOMAT
MATERIAL 1S BOM/.
result charge

CYCLE 1
INCIDENT ELECTRON CURRENT
SECONDARY ELECTRONS
EACKSCATTERED ELECTRONS
INCIDENT PROTON CURRENT
SECONDARY ELECTRONS
BULK CONDUCTIVITY CURRENT

NET CURRENT

CYCLE 7
INCIDENT ELECTRON CUREENT

SECONDARY ELECTRONS

BACKSCATTERED ELECTRONS
INCIDENT PROTON CURRENT

SECONDARY ELECTRONS
BULK CONDUCTIVITY CURRENT

NET CURRENT
change materisl ML12
MATERIAL IS ML12
result charge

CYCLE 1S

INCIDENT ELECTRON CURRENT
SECONDARY ELECTRONS
BACKSCATTERED ELECTRONS

INCIDENT PPOTON CURRENT
SECONDARY ELECTRONS

NET CURRENT
CYCLE 99 TIME
INCIDENT ELECTRON CURRENT
SECONDARY ELECTRUNS
BACKSCATTERED RLECTRONS
INCIDENT PROTON CURRENT
SECONDARY ELECTRON.:

HET CURKRENT

exit

SECONDS

TIME 0.00e+00 SECONDS

TIME 8.27e-01 SECONDS

TIME 0.00»+60 SECONDS

7T.09ee)2 SECONDS

6.75e-07

1.18e-06

2.54e-08

6.92e-08

~1.35e-06 AMPS/M**2
POTENTIAL -2.22e+04 VOLTS
~5.17e-07
1.06e-07
1.85e-07
4.45e-08
1.31e-07

~5.10e-08 AMPS/M**2

POTENTIAL 0.00e+00 VOLTS
-3.30e-06
1.28e-06
1.97e-06
2.54e-08
1.02e-07
0.00e+00
8.39e-08 AMPS/M**2
POTENTIAL 1.24e-01 VOLTS
-3.30e-06
1.21le-06
1.97e-06
2.5%4e-08
9.62e-08
-2.4%e-14

2.76e-10 AMPS/M**2

POTENTIAL 0.00e+00 VOLTS
-3.30e-06
8.22e 07
8.67e-07
2.5%4e (R
1.14e-0

--------

-1.47¢ 06

AMPS /M2

PUTENTIAL 2.06e¢04 VOIS
-5.9% (7

1.4Re -0}

1.56e O

4.5le UK

2.0ue 07

-4.00e

-

UR ANPG/M®*2
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{EXIT}

The following files are used tc executc Nascap for the SCATHA exaraple. The first is
the standard input file, which gives the options and initial potential. The second is the
object definition. The third is the environment definition file.

Stancard Input to Nascap for Spinning Spacecraft in Geosynchronous Orbit-
SCATHA

rdopt §
delta 60,
longtimestep
ncyc 2C¢
ng 4
nz 33
xmesh 0.115
cij 1 2 30e-12
cij 1 3 30e-12
cij 1 4 3d0e-12
cij 1 § 30e-12
cij 1 6 250e-12
ead

objdef 20

capaci

ips

pcond 1 ~-18200
pcond 2 ~-21200
pcond 3 ~21200
pcond 4 -18300
pecond 5 ~-182060
pcond § -~-18300
and

trilin

end

Environment File (fort.22) for Spinning Spacecraft in Geosynchronous Orbit-
SCATHA

single maxwellian
1.12¢6 uks

12 kew

2.36e% aks

29.3 kev

ond

Object Definition File (fort.29) for Spinning Spacecraft in (eosynchronous Orbit-
SCATHA

This file is also used as a fort. 8 material definition file for the execution of Matchg.

QoLD
*o.’ .001 '1- ',o u“ o. '.». .’3

IRS




53.5 1.73
17. 1sa.
SOLAR

.8 .000179
156 1.73
17. is.
WHITEN

3.5 .00005
312 1.77
17. 18.
SCREEN

1. .001
0. 1.
17. 1s8.
YELOWC

3.5 .001
312 1.77
17. 18.
PDGOLD

1. .001
53.5 1.713
17. i8.
BLACKC

3.5 .001
312 1.77
17. 18.
KAPTON

3.8 .000127
312 1.77
17. 18.
8102

3.8 .00027%
183 1.86
17. 18.
TEFLON

3. .000127
218, 1.77
17. 1s.
INDOX

1. .001
7.18 8%.%
17. 14,
YGOLDC

1. .001
1.78 1.0
17. 18.
ALDMIN

1. .001
220. 1.76
17. 18.
BOMAT

4. 009
53.% 1.7
17. 18.
12

1. .001
a. 13.
17. 18.
orvssT 0

COMDOCTOR 1

413 13S.
19. 20.
1.E~-17 10.
244 230.
19. 20.

5.9E-14 5.

.455 140.
19. 20.
-1. 1.

0. 1.
19. 20.
-1. 5.
.455 140.
19. 20.
-1. 70.1

413 135.
19. 20.
-1. L

455 140.
19. 20.

1.!‘16 5.

+455 140.
19. 20.
3.752-12 10.

+455 140.
19. 20.

1-"1‘ 7.

455 140,
19. 20.
-‘l 3‘.‘
.4%0 133,
19, 30.
'10 ‘3:
<413 138,
19, a0.
-10 130
344 330.
1. a0.

1.2-18 63.4

»413 138,
19. 20.
'10 "
<458 140.
l’o 20'

0 o8

COMMENT °°¢ DEPFINE SC1l1l-1 BOOM **°

00N
AR1S o’
RADLUS 0.2

% 1u

o1 09

.000029 -1, 15.
2.05 .41 77.5
.00002 1.E+19 15.
4.1 .15 71.5
.00002 1.E+13 15.
0. 1. 10.
0. -1. 15,
2.1 .15 71.5
.00002 -1. 15.
1.03 .72 88.8
+000029 -1. 15,
2.1 .15 71.5
.00002 -1. 1s.
a.1 <15 71.5
»00002 1.B+16 15,
2.4 .4 116
.00002 1.x411 15.
3. .3 45.4
»00002 1.B+i6 13,
10‘ Q. '1-
000033 -1, i5.
1“’ o" “-
000028 -X. 13.
9 -3 154.
.0000‘ %, 13.
N N | 8.
.0000272 1.Be11 13,
10 s, '1.
.000031% -1. 15.
14 17 &

186

16.

.45
16.

.6
16,

1.5
16.

16.

.92
16.




SURFACE BOMAT

ENDOBJ

COMMENT *¢* DEFINE SC6-1 BOOM *+*

BOOM

AXIS 09 02 11 01 09 01 17 03

RADIUS 0.196

SURPACE BOMAT

ENDOBJ

CONDUCTOR 5

COMMENT ¢*** DEFINE SC6-1 THERMAL PLASMA ANAYLZER SENSOR ***
BOOM

AXIS 09 05 17 04 09 04 17 04

RADIUS 0.14

SURFACE GOLD

ENDOBJ

CONDUCTOR 1

COMMENT *** DEFINE SC2-1 BOOM ***

BOOM

AXIS 16 09 11 01 17 09 17 03

RADIUS 0.178
SURFACE BOMAT

ENDOBJ

CONDUCTOR 2

COMMENT *** DEPINE SC2-1 SENSOR AND STUB ***

BOOM

AXIS 13 09 17 04 e 09 17 04

RADIUS 0.18
SURFACE BLACKC

ENDOBJ

CONDUCTOR 1

COMMENT *** DEFINE SC2-2 BOOM ***

BOOM

AXIS 02 09 11 c1 01 09 17 03

RADIUS 0.178
SURPACE BOMAT

ENDOBJ

CONDUCTOR 3

COMMENT *** DEFINE SC2-2 SENSOR AND STUB ***

BOOM

AXIS 0s 09 17 04 04 09 17 04

RADIUS 0.18

SURPACE BLACKC

ENDOBJ

CONDUCTOR 1

COMMENT *** DEFPINE ) INCE DIANETER OMNI-ANTENNA MAST (BOTTOM) *°*°*
BOOM

AXIS 09 09 19 01 09 0s 23 01

RADIUS 0.331

SURFACE BOMAT

ENDOBJ

COMMENT *** DEFINE 3} INCH DIAMETER OMNI-ANTEMMA MAST (TOP) °*°**
BOOM

AXIS 09 09 as 01 09 09 26 01

RADIUS 0.331

SURPACE  TEPFLOM

ENDOBJ

COMMENT OPEM BOTTOM BASIC MATERIAL
ComENT EXTERIOR A-PACE WRDGE

WEDGE

CORNER 12 12 4

FACR SOLAR 1 1 0
LRNGTR 4 L) ?

SURPACE -Z WHITEN

ENDOBJ
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COMMENT

CORNER
FACE
LENGTH
SURPACE
ENDOBJ
COMMENT
RECTAN
CORNER
DELTAS
SURFACE
SURFACE
SURPACE
ENDOBJ
COMMENT
WEDGE
CORNER
PACE
LENGTH
SORFACE
ENDOBJ
COMMENT
WEDGE
CORNER
PACE
LENGTH
SURFPACE
ENDOBJ
COMMENT
RECTAN
CORNER
DELTAS
SURFACE
SURFACE
SURFACE
ENDOBJ
COMMENT
WEDGE
CORNER
PACE
LENGTH
SURFACE
ENDOBJ
COMMENT
WEDGE
CORNER
FACE
LENGTH
SURPACE
ENDOBJ

RECTAN
CORNER
DELTAS
SURFACE
SURFACE
SURPACE
ENDOBJ
COMMENT
WEDGE
CORNER
PACR
LENOGTR

INTERIOR A-FACE WEDGE

13 13 4

GOLD -1 -1 0
2 p 9
-2 WHITEN

B-FACE RECTANGLE

13 6 4

3 6 9
~X GOLD
+X SOLAR
~Z WBITEN

EXTERIOR C-FACE WEDGE

12 6 4

SOLAR 1 ~1 0
4 4 9
-z WHITEN

INTERIOR C-FACE WEDGE

13 S 4

GOLD -1 1 0
2 2 9
-z WHITER

D-PACE RECTANGLE

6 2 4

6 3 9
-Y SOLAR
+Y GOLD
-z WHITEN

EXTERIOR E-FACE WEDGE

6 6 4

SOLAR -1 -1 ]
4 4 9

-z WEITEN

INTERIOR E-PFACE WEDGE

5 S 4

GOLD 1 1 0
2 2 9

-2 WHITEN

?-FACE RECTANGLE

2 (] 4

k) [} 9
-X SOLAR
+X GOLD
-2 wnuiTen

RXTERIOR G-FACE wWEDGR

6 12 4
SOLAR -1 1 0
4 4 9
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SURFACE
ENDOBJ
COMMENT
WEDGE
CORNER
PACE
LENGTH
SURFACE
ENDOBJ
COMMENT
RECTAN
CORNER
DELTAS
SURFACE
SURFACE
SURFACE
ENDOBJ
COMMENT
COMMENT
WEDGE
CORNER
FACE
LENGTH
ENDOBJ
COMMENT
RECTAN
CORNER
DELTAS
SURFACE
ENDOBJ
COMMENT
WEDGE
CORNER
PACE
LENGTH
ENDOBJ
COMMENT
RECTAN
CORNER
DELTAS
SURFACE
ENDOBJ
COMMENT
WEDGE
CORNER
PACE
LENGTH
ENDOBJ
COMMENT
RECTAN
CORNER
DRLTAS
SORFACE
ENDOBJ
COMMENT
WEDGE
CORNER
FACE
LENGTH
ENDOBJ
CONMENT
RECTAN
CORNER
DELTAS

-2 WHITEN

INTERIOR G-PACE WEDGE

S 13 4

GOLD i -1 0
2 2 9

-2 WHITEN

H-FACE RECTANGLE

6 13 4

6 3 9
~-Y GOLD
+Y SOLAR
-2 WHITEN

BELLY BAND BASIC MATERIAL
EXTERIOR A-FACE WEDGE

12 12 10
YELOWC 1 1 "]
4 4 3
B-FACE RECTANGLE
13 6 10
3 6 3
+X YELOWC
EXTERIOR C-FACE WEDGE
12 6 10
YELOWC 1 -1 0
4 4 3

D-PACE RECTANGLE

6 2 10
6 3 3
-Y YELOWC

EXTERIOR E-FPACE WEDGE

6 6 10
YELOWC -1 -1 0
4 4 3

P-PACE RECTANGLE

2 6 10
3 6 3
-X YERLOWC

EXTERIOR G-FACE WEDGE

6 12 10
YELOWC -1 1 0
4 4 k]

R-PACE RECTANGLE

6 13 10
6 ) l
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SURPACE
ENDOBJ
COMMENT
RECTAN
CORNER
DELTAS
SURPACE
ENDOBJ
COMMENT
OCTAGON
AXIS
WIDTH
SIDE
SURFACE
SURPACE
ENDOBJ
COMMENT
RECTAN
CORNER
DELTAS
SURPACE
SURFACE
SURPACE
SURFACE
SURPACE
SURPACE
ENDOBJ
COMMENT
RECTAN
CORNER
DELTAS
SURPACE
SURPACE
SURFACE
SURPACE
SURFACE
ENDOBJ
COMMENT
RECTAN
CORNER
DELTAS
SURFACE
SURPACE
SURPACE
SURFACE
SURPACE
ENDOBJ
COMMENT
RECTAN
CORNER
DELTAS
SURFACE
SURFACE
SURPACE
SURFACE
SURPACE
ENDOBJ
CONMENT
PATCER
CORNER
DELTAS
SURPACE
ENDOBJ
COMMENT

+Y YELOWC

INTERIOR BOTTOM

-z GOLD

TOP BASIC MATERIAL

9 9 13
14
6
Cc SOLAR
+ PDGOLD

OMNI ANTENNA BOX

8 8 23

2 2 2
-X TEFLON
+X TEFLON
-Y TEFLON
+Y TEFLON
-Z ALUMINUM
+Z ALUMINUM
8C9-1 (TOP)

S 14 19

2 1 2
+Z YGOLDC
+X BLACKC
-X BLACKC
+Y BLACKC
-Y BLACKC
8C9-2 (TOP)

5 15 19

1 1 1
+X GOLD
-X GOLD
+Y YELOWC
+Z GOLD
-2z GOLD
8C9-3 (TOP)

4 14 19

1 1 1
-X YRLOWC
+*Y GOLD
-Y GOLD
+z GOLD
-3 GOLD

SCS SCREEN (TOP)

7 2 18
4 k] 1
3 ] SCRREN

8C1-JA (TOP)

(R,1]
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PATCHR
CORNER
DELTAS
SURFACE
ENDOBJ
COMMENT
PATCER
' CORMER
DELTAS
SURFACE
ENDUBJ
COMMENT
PATCHR
CORNER
DELTAS
SURFACE
ENDORY
COMMENT
PATCHR
CORNER
DELTAS
SURFACE
ENDOBJ
CONLDUCTOR
COMMERT
PATCHR
CORNER
DELTAS
SURPACE
ENDOBJ
CONDUCTOR
CONMENT
PATCHR
CORNER
DELTAS
SURFACE
ENDOBJ
CONMMENT
PATCER
CORNER
DELTAS
SURFACE
ENDOBJ
COMNENT
PATCHR
CORNER
DELTAS
SURPACE
ENDOBJ
COMNENT
PATCHW
CORNEBR
FACE
LENGTH
ENDOBJ
COMMENT
PATCHW
CORNER
FACE
LENGTH
ENDOBJ
COMMENT
PATCHW
CORNER

12 5 18
1 1 1
+2 GOLD
8C1-3B (TOP)
12 ] 18
1 1 1
+Z KAPTON
8C1-3C (TOP)
13 6 i8
1 1 1
+Z 8102
SCi-3D (TOP)
13 L1 i8
1 1 1
+Z TEPLON
‘ ’ .
SC6-2 SHIELD (TOP)
13 10 18
1 1 1
+Z GOLD

SC7-2 SHIELD (TOP)
4 4 18
2 2 1
+2 QOoLD

ML12-7 SHIELD (TOP,

3 8 e

3 3 L
+2 aotr:
ML12-7 (TOP)

4 9 a

1 1 R
+Z INDOX

BELLY BAND (A-PACE)

12 12 10
YGOLDC 1 1
4 4 3

ML12-6 (A-FACE)

12 15 10
INDOX 1 1
1 1 1

ML12-6 DOOR (A~FACE)

12 15 9
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PACE
LENGTH
ENDOBJ
COMMENT
PATCHW
CORNER
FACE
LENGTH
ENDOBJ
COMMENT
PATCHN
CORNER
FACE
LENGTH
ENDOBJ
COMMENT
PATCHW
CORNER
FACE
LENGTH
ENDOBJ
COMKENT
PATCHR
CORNER
DELTAS
SURFACE
ENDOBJ
COMMENT
PATCHR
CORNER
DELTAS
SURPACE
ENDOBJ
COMMENT
PATCER
CORNER
DELTAS
SURPACE
ENDOBJ
COMMENT
PATCHR
CORNER
DELTAS
SURFACE
ENDOBJ
COMMENT
PATCHR
CORNER
DELTAS
SURFACE
ENDOBJ
COMMENT
PATCHR
CORNER
DELTAS
SURPACE
ENDOBJ
COMNENT
PATCHR
CORNER
DELTAS
SURPACE
ENDOBJ
COMMENT

GOLD i
1 1 1

ML12-3 (A-PACE)

13 4 10
ML12 1
1 1 2

ML-12 MASK (A-PACE)

13 14 9
BLACKC 1
1 1 1

ML-12 MASK (A-FACE)

12 14 13
BLACKC 1.
2 2 .1

BELLY BAND (B-FACE)}

15 10 10
1 -2 3
+X YGOLDC

SC1 MASK (B-FACE)

15 6 10
1 4 3
+X TEFLON

SC1 MASK {B-FACE)

1s 10 11
1 1 2
+X TEFLON

SC1-1A (B~PACE)

+X GOLD

8SC1-1B (B-FACE)

15 7 14
1 1 1
+X INDOX

SC1-1C (B-FACE)

1s 8 14
1 1 1
+X SOLAR

SCl-1D (B-FACE)

15 8 13
1 1 1
+X KAPTON

SHCI NO. 1 (B-FACE)
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WEDGE

CORNER 16 12 10
FACE ALUMINUM 1 -1 0
LENGTH 11 1
SURFACE  +2 ALUMINUM
SURFACE -2 ALUMINUM
SURFACE  +Y ALUMINUM
ENDOBJ
COMKENT  SC1-1 MASK (C-FACE)
PATCEW
CORNER i5 6 11
FACF TEFLON 1 -1 0
LENGTH 1 1 2
ENDOBJ

COMMENY  SC7-1 MASK (D-FACE)
PATCHR
CORNER 6 2 9
DELTAS 2 1 1
SURFACE -Y BLACKC

. ENDOBY

. COMMENT  5C7-1 MASK (D-FACE)

" PATCHR
CORNER 6 2 13
DELTAS 2 1 1
SURFACE  -Y BLACKC
ENDOBJ
COMMENT SC5 COVER (D-PACE)
RECTAN
CORNER 10 2 12

" DELTAS 1 1 1
SURFACE  -Y BLACKC
ENDOBJ
COMMENT  SHCI NO. 2 (D-FACE)
WEDGE
CORNER 10 2 10
PACE ALUMINUM 1 -1 0
LENGTH 11 1
SURFACE  +Z ALUMINUM
SURFACE  -Z ALUMINUM
SURFACE  -X ALUNINUN
ENDOBJ

CONMMENTCOMMENT DSAS GLASS PATCH (E-PACE)

CONMENTCORNER 4 5 1
COMMENTFACE 8102 -1 -1 0
COMMENTLENGTH 1 1 1
CONMENTENDOBJY '
COMMENT SC1-2 MASK (F-FPACE)
PATCHR

CORNER 2 10 10

DELTAS 1 2 3
SURFACE -X TEFLON
ENDOBJ

COMMENT SC1-2 MASK (F-FACE)
PATCHR

CORNER 2 8 10

DELTAS 1 b 2
SURFACE -X TEFLON
ENDOBJ

COMMENT SCl-2 (F-PACE)

PATCHR

CORNER 2 10 8

DELTAS 1 a 2
SURFPACE  -X KAPTON
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ENDOBJ

COMMENT  SC9 MASK (G-FACE)
PATCHW

CORNER 6 13 17
FACE INDOX -1 1
LENGTH 3 3 2
ENDOBJ

COMMENT  SC1-2 MASK (G-FACE)
PATCHW

CORNER 3 12 10
FACE TEFLON -1 1
LENGTH 1 1 3
ENDOBJ

COMMENT ML12-4 (H~-FACE)
PATCHR

CORNER 10 15 10
DELTAS 1 1 2
SURFACE  +Y ML12
ENDOBJ

COMMENT ML12 MASK (H-FACE)
PATCHR

CORNER 6 15 9
DELTAS 6 1 1
SURFACE  +Y BLACKC
ENDOBJ

COMMENT ML12 MASK (H-FACE)
PATCHR

CORNER 6 15 13
DELTAS 6 1 1
SURFACE  +Y BLACKC
ENDOBJ

COMMENT  SC9 MASK (H-FACE)
PATCHR

CORNER 6 15 17
DELTAS 2 1 2
SURFACE  +Y INDOX
ENDOBJ

COMMENT  SC8 (H-PACE)
PATCHR

CORNER 7 15 11
DELTAS 2 1 1
SURPACE  +Y BLACRC
ENDOBJ

COMMENT  SC7-3 MASK (BOTTON)
PATCHR

CORNER 13 4 ¢
DELTAS 1 2 1
SURFACE -2 GOLD
ENDOBJ

CONMENT  SC7-3 MASK (BOTTOM)
PATCHR

CORNER i 5 4
DELTAS 1 1 1
SURFACE -2 GOLD
ENDOBJ

COMMENT 8C7-3 MASK (BOTTON)
PATCHW

CORNER iU S 4
FACE SOLAR 1 -1
LENGTH 1 1 1
SURFACE -2 QoLD
ENDOBJ

CONDUCTOR 6

COMNENT  REPERENCE BAND (FACE A)
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PATCEW

CORNER 14 13 4

FACE GOLD 1 1 0
LENGTH 1 1 1

ENDOBJ

COMMENT  REFERENCE BAND (FACE B)
PATCHR

CORNER 15 8 4

DELTAS 1 1 1

SURFACE  +X GOLD

ENDOBJ

COMMENT REFERENCE BAND (FACE C)
PATCHW

CORNER 13 4 4

FACE GOLD 1 -1 0
LENGTH 1 1 1

ENDOBJ

COMMENT REFERENCE BAND (FACE D)
PATCHR

CORNER 8 2 4
DELTAS 1 1 1

SURFACE  -Y GOLD

ENDOBJ

COMMENT REFERENCE BAND (FACE E)
PATCHW

CORNER 4 5 4

FACE GOLD -1 -1 0
LENGTH 1 1 1

ENDOBJ

COMMENT  REFERENCE BAND (FACE F)
PATCHR
CORNER
DELTAS
SBURFACE -X GOLD

ENDOBJ

COMMENT REFERENCE BAND (FACE G)
PATCHW

CORNER 5 u 4

FACE GOLD -1 1 0
LENGTH 1 1 1

ENDOBJ

COMMENT  REFERENCE BAND (PACE H)
PATCHR
CORNER 9 15 4
DELTAS 1 1
SURPACE  +Y GOLD
ENDOBJ

ENDSAT

[P
- WO
-

NASCAP/GEO Contours is the program used to generate the potential contours plot
shown in Figure 29.

Termtalk Execution (fort.3) for Spinning Spacecraft in Geosynchronous Orbit-
SCATHA

A group of surface cells is defined for cach of the materials. Separate groups are
defined for each conductor number. The surface cell number is printed out and a group is
not defined for those material conductor number combinations with only one surface cell.
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The final potentials for euch of the groups is requested. A history of the potential over
time for one cell from each of the conductors is requested. The final internal electric field
for the cells with the highest field is requested. Detailed information on each of the seven
cells with the greatest field is requested. A history of the internal field for two of these
high field cells is requested. The results are shown in Figure 28.

CHOOSE ANY MODULE

HELP IS ALWAYS AVAILABLE - 7YPE ‘'HELP'
>gubset GLD1
DEFINITION OF NEW SURSET NAMED GLD1
267 REMAINING IN GROUP

SUBSET INSTRUCTION FPLEASE ?
>material GOLD

313 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE 7

>cnumb 1

303 REMAINING IN GROUP

SURSET INSTRUCTION PLEASE ?

>done
GROUP GLD1 WITH 303 MEMBERS IS NOW DEFINED
RETURNING TO MODULE ‘'MAIN®

CHOQSE ANY MODULE

HELP IS ALWAYS AVAILABLE - TYPE 'HELP'
>gubset GLD4

DEFINITION QF NEW SUBSET NAMED GLD4
267 REMAINING IN GROUP

SUBSET INSTRUCTION PLEAGE 7
>material GOLD

313 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?

>cnumb 4

1 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?

>done
REMAINING MEMBER IS #1208
THIS SUBSET HAS 1 MEMBERS

IT WILL NOT BE CATALOGUED
RETURNING TO MODULE 'MAIN'

CHOOSE ANY MODULE

HELP IS ALWAYS AVAILABLE - TYPE 'HELP'
>subset GLDS
DEFINITION OF NEW SUBSET NAMED GLDY
267 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>material GOLD

313 REMAINING IN GROUP

SUBRSET INSTRUCTION PLEASE ?

»caumk 5

1 REMAIMING IN GROUP

S'JBSET INSTRUCTION PLEASE ?

~done
REMAINING MEMBER IS #1259
THIS SUBSET HAS | MEMBERS

1T WILL NOT BE CATALOGUED
RETURNING TO MODULE ‘MAIN'

CHOOSE ANY MODULE

HELP IS ALWAYS AVAILABLE - TYFE 'HELP®
subset GLD6
DEFINITION OF NEW SUBSET NAMED GLD6
+67 REMAINING IN GROUP

AURCET INGTRUCTION PLEAIE ?
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>material GOLD
313 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>cnumb 6
8 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>done
GROUP GLD6 WITH 8 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'
CHOOSE ANY MODULE
HELP IS ALWAYS AVAILARLE - TYPE 'HELP'
>gubget SOLAR
DEFINITION OF NEW SUBSET NAMED 50LA
267 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>material SOLAR
435 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>done
GROUP SOLA WITH 435 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'
CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'
>subget WHITEN
DEFINITION OF NEW SUBSET NAMED WHIT
267 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>material WHITEN
116 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>dons
GROUP WHIT WITH 116 MEMBERS 1, NOW DEFINED
RETURNING TO MODULE 'MAIN'
CHOOSE ANY MODULE
HELP 18 ALWAYS AVAILABLE - TYPE ‘'HELP'
»gubset SCREEN
DEFINITION OF NEW SUBSET NAMED SCRE
267 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>material SCREEN
12 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>done
GROUP SCRE WITH 12 MEMBERS IS NOW DEFINED
RETURNING TO MODULFE ‘MAIN!
CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE ‘'HELP'
>subset YEBLOWC
DEFINITION OF NEW SUBSET NAMED YELD
267 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>BAtorial YRLOWC
71 REMAINING IN GROUP
JUBSET INSTRUCTION PLEASE ?
>dons
GROUP YELO WITH 71 NRMBERS IS NOW DEFINED
RETURNING TO MODULE ‘MPIN'
CHOOSE ANY MODULE
HEL® IS5 ALWAYS AVAILABLE - 'TYPE 'HELP®
>subset PDGOLD
DEPINITION OF NEW SUBSET NAMED Pixin
267 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>material POGULD
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138 REMAINING IN GROUF
SUBSET INSTRUCTION PLEASE ?
>done
GROUP PDGO WITH 13% MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN’
CHOCSE ANY MODULE
HELP IS ALWAYS AVAILABLE -~ TYPE 'HELP'
>subset BLK1
DEFINITION OF NEW SUBSET NAMED BLK1
267 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>material BLACKC
34 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>coumb 1
32 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>done
GRQUP BLK1 WITH 32 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'
CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE ‘HELP'
>subset BLK2
DEFINITION OF NEW SUBSET NAMED BLK2
287 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>material BLACKC
34 REMAINING IN GROUP
SUBSET INSTRUCTION PLEFSE ?
»cnumb 2 '
1 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
~done
FEMAINING MEMBER IS #1260
THIS SUBSET HAS 1 MEMBERS
IT WILL NOT BE CATALOGUED
RETURNING TO MODULE ‘'MAIN'
T TRQCSE ANY MODULE
HELP TS ALWAYS AVAILABLE - TYPE 'HELP®
et e .43
Lud Wed JN OF NEV SUBSET NAMED BLK3
267 REMAINING IN GROUP
S'JBSET INSTRUCTION PLEASE ?
»material BLACKC
34 REMAINIHG IN GROUP
SUBSET INSTRUCTION PLEASE ?
>cnumb 3
1 REMAINING IN GROUP
SUBSET INSTRUCTICN PLEASE ?
>done
REMAINING MEMBER IS #12A1
THIS SUBSET HAS 1 MEMBERS
IT WILL NOT BE CATALCGUED
RETURNING TO NODULE ‘MAIN-
CHUOSE ANY NODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP®
>subiset KAPYON
DEFINITION OF NEW SUBSET NAMED KAPT
267 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
~material KAPION
b REMAINING IN Gpoup
SURSET INSTRUCTION PLEASE ?
sdone
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GROUP KAPT WITH 6 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'
CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'
>subset S102
DEFINITION OF NEW SUBSET NAMED SIO2
267 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>material Sr102
1 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>done
REMAINING MEMBER IS # 954
THIS SUBSET HAS 1 MEMBERS
IT WILL NOT BE CATALOGUED
RETURNING TO MODULFE ‘MAIN'
CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE ‘HELP®
>subset TEPLON
DEFINITION OF NEW SUBSET NAMED TEFL
267 REMAINING IN GRQUP
SUBSET INSTRUCTION PLEASE ?
>material TEPLON
47 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>done
GROUP TEFL WITH 47 MEMBERS IS NOW DEFINED
RETURNING TO MODULE ‘MAIN'
CHOOSE ANY MODULE
RELP 1S ALWAYS AVAILABLE - TYPE ‘HELP'
>subget INDOX
DEFINITION OF NEW SUBSET NAMED INDO
267 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>aaterial INDOX
13 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>done
GROUP INDO WITH 1) NMEMBERS IS NOW DEFINED
RETURNING TO MODULE ‘MAIN®
CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE ‘HELP'
>subset YOOLDC
DEFINITION OF NEW SUBSET NANED YGOL
267 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>material YGOLDC
14 REMAINING IN GROUP
SURSET INSTRUCTION PLEASE ?
>dons
GROUP ¥GOL. WITH 14 MENBERS IS NOW DEPINED
RETURNING TO MODULE "MAIN®
CHOOSE ANY RODULE
HELP IS ALWAYS AVAILABLE - 1TYPE “MELP:
>subget ALURIN
DEPINITION OF NiW SUDBSET NAMRD ALUN
267 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE »
ssaterial ALUWIN
16 RENAINING I GROUP
SUDBSET INSTRUCTION PLEASE ?
>done
GROUP ALUM WITH 16 KENBERS 1S NOW DEPINED
RETURNING T0 NODULE *NAIN®

199




CHOOSE ANY MODULE

HELP IS ALWAYS AVAILABLE - TYPE ‘HELP'
>subset BOMAT
DEFINITION OF NEW SUBSET NAMED BOMA
267 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>material BOMAT

41 REMAINING IN GROUP

SUBSET INSTRUCTIOM PLEASE ?
>done
GROUP BOMA WITH 41 MEMBERS IS NOW DEFINED
RETURNING TO MODULE °'MAIN'
CHOOSE ANY MODULE

HELP IS ALWAYS AVAILABLE - TYPE
>subiset ML12
DEFINITION OF NEW SUBSET NAMED ML12
267 REMAINING IN GROUP

SUBSET INSTRUCTION PLEASE ?
>material ML12

4 REMAINING IN GROUP
SUBSET INSTRUCTION PLEALE ?

'HELP'

>done

GROUP ML.12 WITH
RETURPNING TO MODULE

4 MEMBERS IS NOW DEFINED

‘MAIN'

CHOOSE ANY MODULE

HELP IS ALWAYS AVAILABLE - TYPE

>latest

LATEST COMNAND OR MODE 3SET ?

spotencisl
MODE RESET

- LATEST COMMAND OR MODE SET ?

>absumag
MODE RESET

LATEST COMMAND OR MODE SET ?

>gtovp GLDL

PCTL IN VOLTS  FOR NASCAP CYCLE 2

‘HELP®
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B8O -1,
430-1.
83%-4.
816-1.
a07-1.
#o2-1.
1451,
750-1.
41-1.
151-1,
1341,
K101,
671-1.
669-1.
ed) 4.
636 1.

52a+ 04
2004
52004
520404
3004
2004
$20s04
Sies(d
$2e+04
§20:04
204
52e+04
$leed
$20+08
S2es 04
Sl 04
§3es04
4Jus04
$les0d
52es i
426304
H2es0d
S2e04
$208 04
%2204
Y2es§
S2es0d




635-~1.52e+04
590-1,52e+04
585-1,.52e+04
577-1.52e+04
555-1.52e+04
548-1.52e+04
543-1.%52e+04
499-1.52¢+04
492-1.52e+04
482-1.52e+04
474-1.52e+04
469-1.52e+04
416-1.52e+04
411-1.52e+04
401-1.52e+04
393-1.52e+04
388-1.52e+04
360-1.52e+04
328-1.52e+04
323-1.52e+04
317-1.52e+04
310-1.52e+04
305-1.52e+04
298-1.52e+04
251-1.52e+04
246-1.52e+04
239-1.52e+04
234-1.52e+04
228-1.52e+04
223-1.52e+04
216-1.52e+04
211-1.52e+04
163-1.52e+04

634-1.52e+04
589-1.52e+04
584-1.52e+04
575-1.52e+04
553-1.52e+04
547-1.%2e+04
503~1,.52e+04
498-1.52e+04
490-1.52e+04
480-1.52e+04
473-1.52e+04
468-1.52e+04
415-1.52e+04
410-1.52e+04
399-1.52e+04
392-1.52e+04
3R7-1.52e+04
359-1.52e+04

27-1.52e+04
322-1.52e+04
316-1.52e+04
309-1.52e+04
304-1.52e+04
276-1.52e+04
250-1.52e+04
245-1.52e+04
238-1.52e+04
233-1.52e+04
227-1.52e+04
222-1.52e+04
215-1.52e+04
210-1.52e+04
161-1.52e+04

LATEST COMMAND OR MODE SET

>group GLDE

POTL IN VOLTS FOR NASCAP CYCLE 20 ...

633-1.520+04

588-1.52e+04
583-1.52e+04
567-1.52e+04
551-1.52e+04
546-1.52e+04
502-1.52e+04
497-1.52e+04
488-1.52e+04
478-1.52e+04
472-1.52e+04
419-1.52e+04
414-1.52e+04
407-1 52e+04
397-1.52e+04
391-1.52e+04
386-1.52e+04
331-1.52e+04
326-1.52e+04
320-1.52e+04
315-1.52e+04
308-1.52e+04
303-1.52e+04
275-1.52e+04
249-1.52e+04
244-1.52e+04
237-1.52e+04
232-1.52e+04
226-1.52e+404
221-1.52e+04
214-1.52e+04
209-1.%2e+04

159-1.52e+04
?

TIME =

632-1.52e+04
587-1.52e+04
582-1.52e+04
559-1.52e+04
550-1.52e+04
545-1.52e+04
501-1.52e+04
496-1.52e+04
486-1.52e+04
476-1.52e+04
471-1.52e+04
418-1.52e+04
413-1.52e+04
405-1.52e+04
395-1.52e4+04
390-1.52e+04
363-1.52e+04
3130-1.52e+04
325-1.52e+04
319-1.52e+04
313-1.52e+04
307-1.52e+04
302-1.52e+04
274-1.52e+04
248-1.52e+04
243-1.52e+04
236-1.52e+04
231-1.52e+04
225-1.52e+04
220-1.52e+04
213-1.52e+04
205-1.52e+04

0 0.00e+00

1.20e+03

631-1.52e+04
58G-1.52e+04
579-1.5%2e+04
557-1.52e+04
549-1.52e+04
544-1.52e+04
500-1.52e+04
495-1.52e+04
484-1.52e+04
475-1.52e4+04
470-1.52e+04
417-1.52e+04
412-1.52e+04
403-1.52e+04
394-1.522404
389-1,52e+04
362-1,52e+04
329-1.52e+04
324-1.52e+04
318-1.52e+04
311-1.52e+04
306-1.52e+04
300-1.52e+04
273-1.52e+04
247-1.52e+04
242-1.52e+04
235-1.52e+04
229-1.52e+04
224-1.52e+04
217-1.52e+04
212-1.52e+04
203-1.52e+04

0 0.00e+00

SEC

216-1.39e+04 1215-1.39%e+04 1214-1.39e+04 1213-1.39e+04 1212-1.39%e+04
211-1.39e+04 12i0-1.39%e+04 1209-1.39e+04
LATEST COMMAND OR MODE SET ?

>group SOLAR

POTL IN VOLTS FOR NASCAP CYCLE 20 ...

365-1.56e+04

19-1.56e+04

103-1.56e+04

TIME =

0 0.00e+00

1.20e+03
778-1.56e+04

188-1.56e+04 344-1.56e+04 1172-1.56e+04 917-1.56e+04

839-1.56e+04

1071-1.56e+04

432-1.56e+04

120-1.56e+04

279-1.56e+04 1103-1.56e+04 793-1.56e+04 1203-1.56e+04
186-1.56e+04 1086-1.56e+04 380-1.56e+04 871-1.56e+04

17-1.56e+04
86-1.56e+04
105-1.56e+04
005-1.56e+04
151-1.56e+04
464-1.56e+04
138-1.56e+04
776-1.56e+04
697-1.56e+04
20-1.56e+04
345-1.56e+04
840-1.56e+04
791-1.56e+04
116-1.56e+04
869-1.56e+04
14-1.56e+04

34-1.56e+04
36-1.56e+04

932-1.56e+04
186-1.56e+04

118-1.56e+04
169-1.56e+04

0 0.00e+00

SEC
1088-1.56e+04
2-1.56e+04
856-1.56e+04
294-1.56e+04
854-1.56e+04
135-1.56e+04
703-1.56e+048

449-1.56e+04 1155-1.56e+04 508-1,56e+04 1022-1.56e+04
761-1.56e+04 1037-1.56e+04 1069-1.56e+04 1020-1.56e+04

51-1.56e+04
53-1.56e+04

1170-1.56e+04
1120-1.56e+04

948-1.56e+04 1136-1.56e+04

101-1.
610-1.
366-1

280-1,
918-1.
378-1.
292-1.
133-1.
281-1.

56e+04
56e+04
56e+04
S6e+04
56e+04
56e+04
56e+04
56e+04
56e0+04

183-1.5%6e+04 1100-1.56e+04

167-1.560+04

4-1,5%56e+04

539-1.
779-1.

56e+04
56e+04
3J2-1.56e+04
1173-1.56e+04
1189-1.56e4+04
1-1.56e+04
930-1.%6e+04
434-1.56e404
841-1.%6e+04
291-1,%6e+04
31-1.4%6n+04

201

612-1,56e+04
595-1.56e+04

201-1.56e+04
717-1.56e+04

627-1.56e+04 1153-1.56e+04

68-1.56e+04
1089-1.56e+04
1072-1.56e+04
433-1.56e+04
1184-1.56e+04
1201-1.56e+04
15-1.56e+04
1073-1.56e+04
790-1.56e+04
919-1,56e+04
1090-1.%6e+04

84-1.56e+04
104-1.56e+04
121-1.56e+04
1101-1.56e+04
857-1.56e+04
852-1.56e+04
1084-1,56e+04
377-1.9%6e+04
346-1.5%60+04
R6A-1.%56e+04
10R3«1,%6e+048



21-1.56e+04
200-1.56e+04
174-1.56e+04
5-1.56e+04
067-1.56e+04
376-1.56e+04
859-1.56e+04
093-1.56e+04
006-1.56e+04
450-1.56e+04
259-1.56e+04
055-1.56e+04
842-1.56e+04
928-1.56e+04
70-1.56e+04
613-1.56e+04
175-1.56e+04
12-1.56e+04
375-1.56e+04
354-1.56e+04
348-1.56e+04
66-1.56e+04
843-1.56e+04
29-1.56e+04
7-1.56e+04

780-1.56e+04

122-1.56e+04

929-1.56e+04 1190-1.5Fe+04

132-1.56e+04
149-1.56e+04

290-1.56e+04
462-1.56e+04
13-1.56e+04

356-1.5%6e+04

199-1.56e+04
1018-1.56e+04
867-1.56e+04
1118-1,56e+04
1035-1.56e+04
789-1,56e+04

87-1.56e+04 1156-1.56e+04

444-1.56e+04
934-1.56e+04
347-1.5%6e+04
99-1.56e+04
781-1.56e+04
114-1.56e+04
1122-1.56e+04

509-1.56e+04
1106-1.56e+04
920-1.56e+04
1182-1.56e+04
774-1.56e+04
54-1.56e+04
1139-1.56e+04

596-1.56e+04 1198-1.56e+04

1181-1.56e+04
369-1.56e+04
1075-1.56e+04
289-1,.56e+04
124-1.56e+04
788-1.56e+04
442-1.56e+04
11-1.56e+04

007-1.56e+04 1097-1.56e+04

129-1.56e+04
695-1.56e+04
288-1.56e+04

125-1.56e+04
935-1.56e+04
782-1.56e+04

117-1.56e+04 1017-1.56e+04
714-1.56e+04 1107-1.56e+04
24-1.56e+04 451-1.56e+04

148-1.56e+04
773-1.56e+04

98-1.56e+04
38-1.56e+04

6-1.56e+04
1092-1.56e+04
130-1.56e+04
927-~1.56e+04
1134-1.56e+04
233-1.56e+04
112-1.56e+04
171-1.56e+04

85R-1,56e+04
851-~1.56e+04

105-1.56e+04
115-1.56e+04

30-1.56e+04 10B2-1.56e+04

123-1.56e+04

1074-1.56e+04

22-1.56e+04 1168-1.%6e+04

49-1.56e4+04
106-1.56e+04
282-1.56e+04
137-1.56e+04
1023-1.56e+04
704-1.56e+04
368-1.56e+04
1091-1.56e+04
131-1.56e+04
850-1.56e+04
443-1.56e+04
82-1.56e+04
436-1.56e+04
1081-1.56e+04
1151-1.56e+04
921-1.56e+04
860-1.56e+04
113-1.56e+04
28-1.56e+04
188-1.56e+04

946-1.56e+04
715-1.56€+04
762-1.56e+04
187-1.56e+04
170-1.56e+04
37-1.56e+04
435-1.56e+04
1199-1.56e+04
1191-1.56e+04
525-1.%6e+04
683-1.56e+04
625-1.56e+04
1098 -1.56~+04
355-1.56e+04
23-1.56e4+04
866-1.56e+04
849-1.%6e+04
537-1.%6e+04
1024-1.56e+04
138-1.56e+04

260-1.56e:04 10R0-1.56e+04 1076-1.56e+04

353-1.56e+04
865-1.562+04
284-1.56e+04
461-1.56e+04
1093-1.56e+04
1197-1.56e+04
88-1.56e+04
1056-1.56e+04

057-1.56e+04 1033-1.56e+04 1176-1.56e+04

536-1.56e+04
147-1.56e+04
624-1.56e+04
916-1.56e+04
520-1.56e+04
261-1.56e+04

172-1.56e+04
270-1.56e+04
1140-1.56e+04
783-1.56e+04
71-1.56e+04
197-1.56e+04

1025-1.56e+04
1008-1.56e+04
1133-1.56e+04
81-1.56e+04
614-1.56e+04
55-1.56e+04

026-1.56e+04 1015-1.56e+04 1009-1.56e+04

15R-1.56e+04
140-1.56e+04
452-1.56e+04

190-1.562+04
764-1.56e+04
269-1.562+04

1€8-1.56e+04 1064-1.56e+04
460-1.56e+04 1058-1.56e+04 1166-1.56e+04

032-1.56e+04

116-1.56e+04
191-1.56e+04

193-1.56e+04
263-1.56e+04
174-1.56e+04
46-1.56e+04
459-1.56e+04
615-1.56e+04

713-1.56e+04
141-1.56e+04

937-1.56e+04
607-1.56e+04
706-1.56e+04

173-1.56e+04

694-1.56e+04
1031-1.56e+04

56-1.56e+04 1165-1.56e+04

1149-1.56e+04
145-1.56e+04
B80-1.56e+04
1027-1.56e+04
1148-1.56e+04

141-1.56e+04 1131-1,56e+04

63-1.56e+04
711-1,56e+04
685-1.56e+04
159-1.56e+04
6R6-1.5624+04
110-1.56e+04
62-1,56e+04

1109-1.56e+04
40-1.56e+04
622-1.56e+04
57-1.56e+04
599-1.56e+04

178-1.56e+04
1132-1.56e+04
72-1.56e+04
518-1.56e+04
606-1.56e+04
598-1.56e+04
1059-1.56e+04
45-1.56e+04
605-1.56e+04

349-1.56e+04
861-1.56e+04
48-1.56e+04

608-1.56e+04
787-1.56e+04
510-1.56e+04

763-1.56e+04 1167-1,56e4+04
1066-1.56e+04 705-1.562+04
1157-1.56e+04 1192-1.56e+04

945-1.56e+04
1034-1.56e+04
139-1.56e+04
1016-1.56e+04
944-1.56e+04
189-1.56e+04
1123-1.56e+04
1065-1.56e+04
146-1.56e+04
943-1.56e+04
772-1.56e+04
179-1.56e+04
268-1.56e+04
262-1.56e+04

47-1.56e+04
195-1.56e+04

267-1.56e+04
53%-1.56e+04
96-1.56e+04
64-1.56e+04
512-1.56e+04
95-1.56e+04

198-1.56e+04
1180-1.56e+04
597-1.56e+04
1150-1.56e+04
684-1.56e+04
181-1.56e+04
526-1.56e+04
65-1.56e+04
519-1.56e+04
39-1.56e+04
511-1.9%6e+04
89-1.53e+04
140-1.56e+04
196-1.56e+04
97-1.56e+04
938-1.56e+04
942-1.56e+04
712-1.562+04
693-1.56e+04
623-1.56e+04
1063-1.56e+04
453-1.%6e+04
79-1.%6e+04

534-1.56e+04 1124-1.%6e+04

771-1.56e+04
692-1.56e+04
1164-1.56e+04

73-1.56e+04 1177-1.56e+04

1142-1.56e+04

78-1.56e2+04 1147-1,56e+04

621-1.56e+04

74-1,56e4+04

52R-1.56e+04
616-1,56e+04
SR-1.56e+04

765-1.56e+04
527-1.%6e+04
707-1.560404
41-1.56e+04
1125-1,.%6e+04
531-1.%6e+04
1126-1,.%6ee04

160-1.56e+04 1143-1.566+04 70R-1.56e+04 529-1.56e+04 617-1.%6n+04

Gnmn L



NPSHER TS
.27-1.52e404

LATEST COMMAND OR MODE SET ?

>group WHITEN
POTL IN VOLTS
187-1.54e+04
278-1.54e+04
168-1.54e+04
507-1.5%54e+04
185-1.54e+04
000-1.54e+04
297-1.54e+04
154-1.54e+04
85-1.54e+04
592-1.54e+04

FOR NASCAP CYCLE 20 ...

343-1.54e+04 916-1.54e+04
1171-1.54e+04

855-~1.54e+04
838-1.54e+04
35-1.54e+04
164-1.54e+04
254-1.%4e+04
1050-1.54e+04
794-1.54e+04
52-1.54e+04
156-1.54e+04

048-1.54e+04 1046-1.54e+04

758-1.54e+04
052-1.54e+04
042-1.54e+04
- 206-1.54e+04
333-1.54e+04
524-1.54e+04
494-1.54e+04
241-1.54e+04
956-1.5%4e+04
355-1.54e+04
136-1.54e+04
822-1.54e+04
933-1.54e+04

256-1.54e+04

702-1.
914-1.

54e4+04
54e+04

1004-1.54e+04
204-1.54e+04

335-1.

54e+04

1137-1.54e+04

611-1.
718-1.

S4e+04
54e+04

162-1.54e+04

337-1.

54e+04

TIME

1.20e+03
119-1.%54e+04
1154-1.54e+04
166-1.54e+04
102-1.54e+04
295-1.54e4+04
381-1.54e+04
423-1.54e+04
448-1.54e+04
760-1.54e+04
158-1.54e+04
505-1.54e+04
202-1.54e+04

540-1.54e+04 1044-1.54e+04 1002-1.54e+04
1€0-1.54e+04 1087-1.54e+04

421-1.
910-1.

69-1.
988-1.
747-1.
219-1.
953 -1,
409-1.
301-1.

0 0.

54e+04
54e+04
54e+04
S4e+04
54e+04
Sde+04
54e+04
54e+04
54e+04
00e+00

LATEST COMMAND OR MODE SET

>group SCREEN
POTL IN VOLTS
730-1.52e+04
626-1,52e¢+04
466-1,52e+04

FOR NASCAP CYCLE 20 ... =1
719-1,.52e+04 716-1.52e+04 640-1
552-1.52e+04 541-1.52e+04 538-1.

0 0.

463-1,.52e+04

?

LATEST COMMAND OR MODE SET ?

>group YELOWC

POTL IN VOLTS FOR NASCAP CYCLE 20 ...

998-1.
299-1.
682-1.
467-1.
S81-1.
230-1.
876-1.
385-1.
798-1.

0 0.

0 0.

54e+04
54e+04
54e+04
54e+04
54e+04
54e+04
Y4e+04
54e+04
54e+04
00e+00

00e+00

TIME

383-1.54e+04
252-1.5%4e+04
872-1.54e+04
1040-1.54e+04
874-1.54e+04
542-1.%4e+04
669-1.54e+04
258-1.
898-1.
1070-1.

0 0.

54e+04
S4e+04
00e+00

.20e+03
.52e+04
52e+04
00e+00

TIME = 1.20e+03

077-1.52e+04 1030-1.52e+04 1029-1.52e+04 1028-1.52e+04

940-1.52e:04
B847-1.52e+04
784-1.52e+04
68B-1.52e+04
601-1.52e+U4
. 514-1.52e+04
© 439-1.52e+04
"361-1 52e+04
286-1.52e+04
.64-1.52e+04
176-1.52e+04
52e+04

8-1.52e+04

939-1.52e+04
R46-1.52e+04
769~1,.52e+04
620-1.52e+04
532-1.52e+04
457-1.52e+04
438-1.52e+04
352-1.52e+04
285-1.52e+04
194-1.52e+04
175-1,52e+04
61-1.52e+04
26~1.52e+04

0 0.00a+00

LATEST COMMAND OR MODE SE1 ?

>gxoup 'LQOLD

" POTL IN VOLTS FOR NASCAP CYCLE 20 .

864-1.
B45-1.
709-1.
619-1.
531-1.
456-1.
373-1.
351-1.
2717-1.
193-1.
144-1.
44-1.
25-1.

0 0.

52e+04
52e+04
52e+04
52e+04
52e+04
52e+04
52e+04
52e+04
52a+04
52e+04
52e+04
52e+04
52e+04
00e+00

863-1.
786-1.
690-1.
618-1.
530-1.
455-1.

52e+04
52e+04
52e+04
52e+04
52e+04
52e+04
372-1.52e+04
350-1.52e+04
266-1.52e+04
192-1.52e+04
143-1.52e+04
43-1.52e+04
10-1.52e+04

0 0.00e+00

54e+04,

SEC
1-1.54e+04
431-1.54e+04
18-1.54e+04
777-1.54e+04
164-1.54e+04
836-1.54e+04
912-1.54e+04
1104-1.54e+04
594-1.54e+04
465-1.54e+04
623-1.54e+04
152-1.54e+04
680-1.54e+04
R34-1.54e+04
796-1.54e+04
1121-1.54e+04
720-1.542+04
208-1.54e+04
977-1.54e+04
630-1.54e+04
1054-1.54e+04
321-1.54e+04
878-1.54e+04
0 0.00e+00

SEC
629-1.
477-1.

0 0.

52e+04
52e+04
00e+00

SEC
941-1.52e+04
862-1.52e+04
785-1.52e+04
689-1,52e+04
603-1.52e+04
516-1.52¢+04
440-1.52¢+04
371-1.52e+04
287-1.52e+04
265-1,52e+04
177-1.52e+04
142-1.52e+04
42-1.52e+04
9-1.52e+04
0 0.00e+00

.. TIME = 1,20e+03 SEC

~202-1.52e+04 1185-1.520+04 1169-1.52e+04 1152-1.52e+04 1135-1,52e+04
119~1.52e+04 1102-1.52e+04 1085-1.52e+04 1068-1.52e+04 1053-1.52e+04
T 051-1,52e404 1049-1.52e+04 1047-1.52e+04 1045-1,52e+04 1043-1.52e+04
041-1.52e+04 1039-1.52e+04 1036-1.52e+04 1019-1,%2e+04 1003-1,52e+04
-001-1,520+04 999-1.52e+04 987-1.52e+04 97¢-1.52e+04 965-1.52e+04

350-1.52e+04
911-1.52e+04
891-1.52e+04
837-1.52e+04
817-1.52e+04

947-1.
$09-1.
875-1.
Biv-1.
41%5-1.

52e+04
52e+04
52e+04
52e+04
S2e+04

931-1.
897-1.
873-1.
833-1.
R13-1.

52e+04
52e+04
52e+04
52e+04
Hde+04

203

915-1,52e+04
895-1.52e+04
870-1.52e+04
821-1.52e+04
811-1.%2e+04

913-1.52e+04
R93-1.52e+04
R53-1.52e+04
R19-1.52e+04
809-1.52e+04




797-1.52e+04
757-1.52e+04
738-1.52e+04
681-1.52e+04
656-1.52e+04
609-1.52e+04
576-1.52e+d4
554-1.52e+04
491-1.52e+04
481-1.52e+04
408-1.52e+04
398-1.52e+04
336-1.52e+04
296-1.52e+04
218-1.52e+04
165-1.52e+04
134-1.52e+04 117-~)1.52e+04
50-1.52e+04 33-1.52e+04
LATEST COMMAND OR MODE SET ?
>group BLK1
POTL IN VOLTS FOR NASCAP CYCLE 20 ...
014-1.52e+04 1010-1.52e+04

795-1.52e+04
746-1.52e+04
736-1.52e+04
679-1.52e+04
648-1.52e+04
593-1.52e+04
568-1.52e+04
522-1.52e+04
489-1.52e+04
479-1.52e+04
406-1.52e+04
396-1.5%e+04
334-1.52e+04
233-1.52e+04
207-1.52e+04
157-1.52e+04

792-1.
744-1.
734-1.
668-1.
646-1.

52e+04
S52e+04
52e+04
522+04
52e+04
591-1.52e+04
560-1.52e+04
506-1.52e+04
487-1.52e+04
446-1.52e+04
404-1.52e+04
384-1.52e+04
332-1.52e+04
257-1.52e+04
200-1.52e+04
155-1.5%e+04
100-1.52e+04

16-1.52e+04

775-1.52e+C4
742-1.52e+04
732-1.52e+04
666-1.52e+04
644-1.52e+04
580-1.52e+04
598-1.52e+04
504-1.52e+04
485-1.52e+04
422-1.52e+04
402-1.52e+04
382-1.52e+04
314-1.52e+04
255-1.52e+04
183-1.52e+04
153-1.52e+04
83-1.52e+04

0 0.00e+00

759-1.52e+04
740-1.52¢+04
696-1.52e+04
664-1.52e+04
642-1.52e+04
578-1.52e+04
556-1.52e+04
493-1.52e+04
483-1.52e+04
420-1.52e+04
400-1.52e+04
379-1.52e+04
312-1.52e+04
253-1.52e¢+04
167-1.52e+04
150-1.52e+04
67~1.52e+04

0 0.00e+0Q

TIME = 1.20e+03
926-1.52e+04 848-1.52e+n4

SEC
844-1.5%e+04

770-1.52e+04 766-1.522+04 710-1.52e+04 691-1.52¢+04 687-1.52e+04
604-1.52e+04 602-1.52e+04 600-1.52e+04 517-1.52e+04 515-1.52e+04
513-1.52e+04 458-1.52e+04 454-1.52e+04 441-1.52e+04 437-1.52e+04
430-1.52e+04 429-1.52e+0. 47R%-1 52e+04 426-1.52e+04 425-1.52e+04
424-1.52e+04 374-1.52e+(-  3+.-1.52e+D4 342-1.%2e+04 341-1.52e+04
340-1.52e+04 338-1.52e+04 0 0.00e+00 0 0.00e+00 0 0.00e+00
LATEST COMMAND OR MODE SET ?
>group KAPTON
POTL IN VOLTS FOR NASCAP CYCLE 20 ... TiME = 1.20e+03 SEC
107-1.64e+04 90-1.64e+04 108-1.64e+04 91-1.64e+04 1130-1.64e+04
889-1.64e+04 0 0.00e+00 0 0.00e+00 0 0.00e+00 0 0.00e+00
LATEST COMMAND OR MODE SET ? ’
>group TEFLON
POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME = 1,20e+03 SEC
145-1.58e+04 1144-1.58e+04 76-1.58e+04 1128-1.58e+04 60-1.53e+04
127-1.58e+04 75-1,57e+04 53-1.57e+04 653-1.57e+04 654-" S57e+04

565-1.57e+04 662-1.57e+04
573-1.57e+04 1225-1.57e+04
659-1.57e+04 562-1.57e+04
109-1.57e+04 92-1.57e+04

566-1.57e+04 661-1.57e+04
650-1.57e+04 651-1.57e+04
658-1.57e+04 570-1.57e+04
110-1.57e+04 111-1.57e+04

574-1.57e+04
563-1.%7e+04
571-1.57e+04
1096-1.%7e+04

129-1.57e+04 1095-1.57e+04 93-1.57e+04 1112-1.57e+04 1079-1.57e+04
111-1.57e+04 128-1.57e+04 127-1,57e+04 126-1.57e+04 1146-1.57e+04
094-1.57e+04 1078-1.57e+04 1113-1.57e+04  94-1.57e+04 1163-1.57e+04

162-1.57e+04 952-1.57e+04 0 0.00e+00 0 0.00e+00 0 0.00e+00
LATEST COMMAND OR MODE SET ?

>group INDOX

POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME = 1.20e+03 SEC

115-1.52e+04 923-1.52e+04
445-1.52e+04 358-1.52e+04
240-1.52e+04 184-1.52e+04
LATEST COMMAND OR MODE SET ?

>group YGOLDC

POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME = 1.20e+03 SEC
196-1.52e+04 1195-1.52¢+04 1194-1.52e+04 1179-1.52e+04 1178-1.52e+04
161-1,52e+04 1062-1.52e+04 1061-1,52e+04 1060-1.52e+04 1013-1.52e+04
925-1.52e+04 924-1.52e+04 427-1,52e+04 339-1.%2e+04 0 0.00e+00
LATEST COMMAND OR MODE SET ?

>group ALUMIN

POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME = 1,20e+03 SEC

207-1,52e+04 1206-1.52e+04 1205-1.52e+04 1204-1.52e+04 701-1.52e+04
700-1.52e+04 699-1.52e+04 698-1.52e+04 660-1.52e+04 657 1.52e+04
652 -1.52e+04 649-1.52e+04 572-1.52e+04 569-1.52e+04 564~1.52e+04

523-1.52e+04 521-1.52e+04 447-1.52e+04
357-1.22e+04 272-1.52e+04 271-1.52e+04
182-1 "2e+04 0 0.00e+00 0 0.00e+00
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561-1.52e+04 0 0.00e+00 0 0.00e+060 -0-0.00e+00 0 0.00e+00C
LATEST COMMAND OR MODE SET ? )
>group BOMAT
POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME = 1.20e+03 SEC
221-1.51e+04 1224-1.51e+04 1218-1.50e+04 1217-1.50e+04 1222-1.49%e+04
223-1.49%e+04 1219-1.36e+04 1220-1.36e+04 1227-1.32e+04 1226-1.31le+04
228-1.27e+04 1229-1.26e+04 1255-1.17e+04 1254-1.17e+04 1236-1.17e+04
241-1.17e+04 1249-1.16e+04 1235-1.15e+04 1230-1.14e+04 1237-1.05e+04
240-1.05e+04 1234-1.03e+04 1231-1.02e+04 1238-9.52e+03 1239-9.52e+03
233-9.23e+03 1232-9.062+03 1245-8.42e+03 1244-8.42e+03 1256-8.21e+03
253-8.21le+03 1243-7.9%+03 1250-7.82e+03 1257-7.7%e+03 1252-7.74e+03
242-7.72e+03 1251-7.04e+03 1246-6.5%e+03 1247-5.78e+03 1248-5.14e+03
258-4.37e+03 3 0.00e+09 0 0.00e+00 0 0.00e+00 0 0.00e+00
LATEST COMMAND OR MODE SET ?
>group ML12
POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME = 1.20e+(> SEC
012-1.52¢+04 1011-1.52e+(04 768-1.52e+04 767-1.52e+04 0 0.00e+00
LATEST COMMAND OR MODE SET ?
>gingle
SINGLE COMMAND OR MODE SET 7
>1208
SURFACE CELL NO. 1208
CENTERED AT 4.5 1.5 8.0
MATERIAL IS GOLD
POTENTIAL =-1.430e+04 VOLTS
SINGLE COMMAND OR MODE SET ?
~1259
SURFACE CELL NO. 1259
CENTERED AT 0.0 -44.0 0.0
MATERIAL IS GOLD
POTENTIAL =-4.664e+03 VOLTS
SINGLE COMMAND OR MODE SET ?
>1260
SURFACE CELL NO. 1260
CENTERED AT 36.0 0.0 0.¢
MATERIAL IS BLAC
POTENTIAL =-2.286e+04 VOLTS
SINGLE COMMAND OR MODE SET ?
>1261
SURFACE CELL NO. 1261
CENTERED AT -44.0 0.0 0.0
MATERIAL IS BLAC
POTENTIAL =-2.2R6e+04 VOLTS
SINGLE COMMAND OR MODE SET ?
>954
SURFACE CELL NO. 954
CENTERED AT 4.5 -2.5 8.0
MATERIAL IS SIO2
POTENTIAL =-1.518e+04 VOLTS
SINGLE COMMAND OR MODE SET °?
>history
HISTORY COMMAND OR MODE SET ?
>159,1260,1261,1208,1259,1209
POTL IN VCLTS
TIME 159 1260 1261 1208 1259 1209
: #1 #2 #3 #4 #5 #6 %7
6.0e+01:-1.74e+04-2.17e+04-2.17e+04-1.72¢+04-1.7%e+04-1.72e+04
1.2e+02:-1,66€+04-2.19e+04-2.19e+04-1.62e+04-1.62e+04-1.62e+041
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.8e+02:-1.58e+04-2.20e+04-2.20e+04-1.54e+04-1.522+04-1.52e+04
.4e+02:-1,.55e+04{~2.23e+04-2.23e+04-1.47e+04-1.42e+04-1.42e+04
.0e+02:-1.53e+04-2.25e+04-2.25e+04-1.46e+04~1.32e+04-1.42e+04
.6e+02:-1.52e+04-2.26e+04-2.26e+04-1.44e+04-1.22e+04-1.38e+04
.2e+02:-1.%2e+04-2.28e+04-2.28e+04-1.43e+04-1.12e+04-1.3%+04
.2e+02:-1.52e+04-2.28e+04-2.28e+04-1.43e+04-1.02e+04-1.38e+04
.4e+02:-1.52e+04-2 .28e+04-2.28e+04-1.43e+04-9.20e+03-1.38e+04
.0e+02:-1.52e+04~2.29e+04-2.2%e+04-1.43e+04-8.20e+03-1.38e+04
.6e+02:~1.52e+04-2.29e+04-2,29%e+04-1.43e+04-7.20e+03~-1.38e+04
.2e+02:~1.52e+04-2.2%e+04-2.29%e+04-1.43e+04-6.20e+03-1.38e+04
.B2+02:-1.52e+04-2.29e+04-2.29e+04-1.43e+04-5.20e+03-1.38e+04

DS IR Yo W< NS I - R VSR VU S 3

8.4e+02:-1.52e+04-2.29e+04-2.29%e+04-1.43e+04-4.80e+03-1.38e+04
9.0e+02:-1.52e+04-2.29%e+04-2.2%+04-1.43e+04-4.70e+03-1.39%9e+04
9.6e4+02:~1.52e+04-2.29e+04-2.2%e+04-1.43e+04-4.67e+03-1.39%+04
1.0e+03:-1.52e+04-2.29e+04-2.29%e+04-1.43e+04-4.67e+03-1.3%+04
1 le+0”:-1 .52e+04-%.29e+04-2.2%e+04-1.43e+04-4.67e+03-1.3%e+04
1.1e+03:-1.52e+04-2.29e+04-2.2%e+04-1.43e+04-4.67¢+03-1.39%e+04
1.2e+03:-1.52e+04-2.29%e+04-2,29%e+04-1.43e+04-4.66e+03-1.39%e+04
POTL VERSUS LOG(TIME)
TS 7 U
. 55655
B R O N £33 2 U
. 5
5
5
. 5
D2 L -
. Ls .
. Y .
. Y .
. .6 665 66 666666666
. 6 h. 4 44444 444444444
B T T TR T SO PR TR T OB P S L ¥ 3§ ¥ § PO
. 4 1 1. .
. 6 .
1
L]
E T T
] 1 3
) 11 3
31 ANy
B N Y P
SO0 e e O S O PP
1 0Cae00 1. 500400 2.000400 | 2.500400 * 309400 1.500+00 4.008400
HISTORY COMMAND OR MODE SET ?
>latest
LATEST COMMAND OR MODE SET ?
>gf.ress
MODE RESET
LATEST COMMAND OR MODE SET ?
>absmagntitude
MODE RESET

LATEST COMMAND OR MODE SET ?

»list 1 to 200

FROM 1 ™ 200 ON LIST OF DECREASING ARSOLUTE VALUE

STRE N VOLTS/METER FUR NAHCAP CYCLE 20 ... TIME = 1.20e403% 8SEC
107-9.31e+06 90-9.3le+06 10B-Y.3le+06 9)-9,31e+06 1130-9.31et06
881-9.31e+06 1145-4.87¢+0hA 1144-4.8B36¢+06 76-4.%9e+06 1128-4.59%e+06
60-4.57e+06 1127-4,52e+06 75-4.48e+06 59-4.47e+06 278-4.0le+06
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119-4.01e406
1-4.01e+06
004-4.01e+06
914-4.01le+06
295-4.01e+06
000-4.01e+06
423-4.01e+06
204-4.01e+06
611-4.01le+06
046-4.01le+06
718-4.01e+06
052-4.01e+06
002-4.0le+06
680-4.01e+06
383-4.01e+06
796-4.01e+06
524-3.98e+06
720-3.98e+06
747-3.98e+06
669-3.98e+06
953-3.98e+06
898-3.94e+06
385-3.94e+06
653-3.73e+06
661-3.73e+06
650-3.73e+06
571-3.73e+06

343-4.0le+06
702-4.01e+06
777-4.01e+06
1171-4.01e+06
431-4.01e+06
836-4.01e+06
154-4.01e+06
448-4.01le+06
1137-4.01e+06
158-4.01e+06
758-4.01le+06

1187-4.0le+06
35-4.0]le+06
168-4.01e+06
1154-4.01le+06
185-~4.01e+06
297-4.01e+06
794-4.01e+06
760-4.0le+06
594-4.01e+06
628-4.01e+06
465-4.01e+06

855-4.01e406
364-4.01e+06
18-4.0le+06
166-4.01e+06
164-4.01le+06
254-4.01e+06
335-4.01e+06
85-4.01e+06
1104-4.01e+06
162~4.01e+06
592-4.01e+06

202-4.01e+06 256-4.0le+06 152-4.0le+06
540-4.01e+06 1044-4.01e+06 1042-4.01le+06

1087-4.
252-4.
299-4.
682-3.
467-3.

0le+06
0le+06
Ole+06
98e+06
98e+06
542-3.98e+06
219-3.98e+06
876-3.98e+06
409-3,94e+06
798-3.94e+06
654-3.73e+06
574-3.73e+06
659-3.73e+06
570-3.73e+06

096-3.73e+06 1095-3.73e+06

93-3.73e+06

1112-3.73e+06

421-4.
998-4.
872-4.
1040-3.

0le+06
0le+06
0le+06
98e+06
874-3.98e+06
630-3.98e+06
966-3.98e+06
1054-3.94e+06
321-3.94e+06
1070-3.94e+06
565-3.73e+06
573-3.73e+06
562-3.73e+06
109-3.73e+06
110-3.73e+06
126-3.73e+06

206-4.01le+06
333~4.01e+06
69-3.98e+06
988-3.98e+06
494-3.98e+06
977-3.98e+06
230-3.98e+06
258-3.94e+06
822-3.94e+06
878-3.94e+06
662-3.73e+06
1225-3.73e+06
563-3.73e+06
92-3.73e+06

916-4.01e+06
838-4.0le+06
507-4.01e+06
102-4.01e+06
1050-4.01e+06
381-4.01e+06
9212-4.01e+06
52-4.0le+06
505-4.01e+06
156-4.01e+06
1048-4.01e+06
337-4.01le+06
160-4.01e+06
834-4.01le+06
910-4.01e+06
1121-3.98e+06
208-3.98e+06
241-3.98e+06
581-3.98e+06
955-3.98e+06
136-3.94e+06
301-3.94e+06
933-3.87e+06
566-3.73e+06
651-3.73e+06
658~3.73e+06
1129-3.73e+06

111-3.73e+06 1079-3.73e+06

128-3.73e+06

111-3.73e+06 1146-3.73e+06 1094-3.73e+06 1078-3.73e+06
113-3.73e+06 1163-3.73e+06 1162-3,73e+06 952-3.73e+06

19-2.21e+06

1088-2.21e+06

778-2.21e+06

103-2.21e+06

188-2.21e+06 432-2.21e+06 279-2.21e+06 120-2.21e+06
172-2.21e+06 344-2.21e+06 917-2.21e+06
793-2.21e+06 1103-2.21e+06 932-2.21e+06 854-2.21e+06
203-2.21e+06 1086-2.21le+06 294-2.21e+06

17-2.21e+06

1186-~2.2)e+06

118-2.21e+06

LATEST COMMAND OR MODE SET ?

>single

SINGLE COMMAND OR MODE SET ?

>everything
MODE RESET

SINGLE COMMAND OR MODE SET ?

>107

B e b T e el e L L L T

SURFACE CELL NO.

107

LIMITING FACTOR =

FLUXES IN A/M**2
INCIDENT ELECTRONS

RESULTING SECONDARIES
RESULTING BACKSCATTER

INCIDENT PROTONS

RESULTING SECONDARIES

2-2.21e+06

34-2.21e+06
135-2.21e+06

127-3.73e+06

94-3.73e+06
365-2.21e+06
1071-2.21e+06
839-2.21e+06
856-2.21e+06

871-2.21e+06
380-2.21e+06
1005-2.21e+06

CODE 420146010
CENTERED AT -7.0 2.5 =-2.,5
MATERIAL IS KAPT

NORMAL -1 0 ¢

SHAPE IS SQUARE
POTENTIAL =-1,636e+04 VOLTS
INTERNAL FIELD STRESS =-9.307e+06 VOLTS/METER
EXTERNAL ELECTRIC FIELD =-1,749e+04 VOLTS/METER
DELTA V =-1,182e+03 VOLTS
UNDERLYING CONDUCTOR IS NUMBER 1
UNDERLYING CONDUCTOR POTENTIAL =-1.5l8e+04 VOLTS

8,
1.
2,
3.
1.
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1.000e+00

46e-07
88e-07
05e-~07
94e-08
86e-07




BULK CONDUCTIVITY -9.31le~10

PHOTOCURRENT 0.00e+00

NET FLUX AFTER LJNG-TIME-STEP -2.23e-07
SINGLE COMMAND OR MODE SET ? '

>90
SURFACE CELL NO. 90
CODRE 417536010
CENTERED AT ~7.0 1.5 -2.5
MATERIAL IS KAPT
NORMAL -1 0 0

SHAPE 1S5 SQUARE
POTENTIAL =~1.636e+04 VOLTS
INTERNAL FIELD STRESS =-9.307e+06 VOLTS/METER
EXTERNAL ELECTRIC FIELD =-1.617e+04 VOLTS/METER
DELTA V =-1.182e+03 VOLTS
UNDERLYING COND'UCTOR IS NUMBER 1
UNDERLYING CONDUCTOR POTENTIAL =-1.518e+04 VOLTS
LIMITING FACTOR = 1.000e+00
FLUXES IN A/M**2
INCIDENT ELECTRONS 8.46e-07
RESULTING SECONDARIES 1.88e-07
RESULTING BACKSCATTER 2.05e~07
INCIDENT PROTONS 3.94e-08
RESULTING SECONDARIES 1.86e-07
BULX CONDUCTIVITY -9.31le-10
PHOTOCURRENT 0.00e+00
NET FLUX AFTER LONG-TIME-STEP -2.23e-07
SINGLE COMMAND OR MODE SET ?

>108
SURFACE CELL NO. 108
CODE 420156010
CENTERED AT -7.0 2.5 -1.5
MATERIAL IS KAPT
NORMAL -1 0 0

SHAPE IS SQUARE
POTENTIAL =-1.636e+04 VOLTS
INTERNAL FIELD STRESS =-9.307e+06 VOLTS/METER
EXTERNAL ELECTRIC FIELD =-1,735e+04 VOLTS/METER
DELTA V =-1.182e+03 VOLTS
UNDERLYING CONDUCTOR IS NUMBER 1
UNDERLYING CONDUCTOR POTENTIAL =-1,518e+04 VOLTS
LIMITING FACTOR = 1,000e+00
FLUXES IN A/M**2

INCIDENT ELECTRONS 8.46e-07
RESULTING SECONDARIES 1.88e-07
_RESULTING BACKSCATTER 2.05e-07
INCIDENT PROTONS 3.94e-08
RESULTING SECONDARIES 1.86e-07
BULK CONDUCTIVITY -9.3le-10
PHOTOCURRENT 0.00e+00

----- - - -

NET FLUX AFTER LONG-TIME-STEP -2.23e-07
SINGLE COMMAND OR MODE SET ?

>91
SURFACE CELL NO. 91
CODE 417546010
CENTERED AT -7.0 1.5 -1.%
MATERIAL IS KAPT
NORMAL =1 0 0
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SHAPE IS SQUARE
POTENTTAL =-1.636e+04 VOLTS
INTERNAL FIELD STRESS =-9.307e+06 VOLTS/METER
EXTERNAL ELECTRIC FIELD =-1.643e+04 VOLTS/METER
DELTA V =-1.182e+03 VOLTS

UNDERLYING CONDUCTOR
UNDERLYING CONDUCTOR
LIMITING FACTOR = 1.

FLUXES IN A/M**2

IS NUMBER 1
POTENTIAL =-1.518e+04 VOLTS
000e+00

INCIDENT ELECTRONS 8.46e-07
RESULTING SECONDARIES 1.88e~07
RESULTING BACKSCATTER 2.05e-07
INCIDENT PROTONS 3.94e-08
RESULTING SECONDARIES 1.86e-07
BULK CONDUCTIVITY -9.31e-10
PHOTOCURRENT 0.00e+00
NET FLUX AFTER LONG-TIME-STEP -2.23e-07
SINGLE COMMAND OR MODE SET ?
>1130
SURFACE CELL NO. 1130
CODE 633372010
CENTERED AT 7.0 ~.5 2.5
MATERIAL IS KAPT
NORMAL 1 0 0
SHAPE 1S SQUARE

POTENTIAL =-1.636e+04
INTERNAL FIELD STRESS
EXTERNAL ELECTRIC FIE

VOLTS
=-9,306e+06 VOLTS/METER
LD =-1.631le+04 VOLTS/METER

DELTA V =-1.182e+03 VOLTS

UNDERLYING CONDUCTOR
UNDERLYING CONDUCTOR
LIMITING FACTOR = 1.

FLUXES IN A/M**2

IS NUMBER 1
POTENTIAL =-1,518e+04 VOLTS
000e+00

INCIDENT ELECTRONS 8.46e-07
RESULTING SECONDARIES 1.8Re=-07
RESULTING BACKSCATTER 2.05e-07
INCIDENT PROTONS 3.94e-08
RESULTING SECONDARIES 1.86e-07
BULK CONDUCTIVITY -9.31e-10
PHOTOCURRENT 0.00e+00
NET FLUX AFTER LONG-TIME-STEP ~2.23e-07
SINGLE COMMAND OR MODE SET ?
>889
SURFACE CELL NO. 889
CODE 572030110
CENTERED AT 3.5 -2.% 8.0
MATERIAL IS KAPT
NORMAL 0 0 1
SHAPE IS SQUARE

POTENTIAL =-1.636e+04 VOLTS

INTERNAL FIELD STRESS =-9,.305e+06 VOLTS/METER
EXTERNAL ELECTRIC FIELD =-1,62Re+04 VOLTS/METER
DELTA V +-1.1R2¢+¢03 VOLTS

UNDERLY ING CONDUCTOR IS NUMBER |

UNDERLY ING CONDUCTOR
LIMITING FACTOR - 1.

FLUXES IN A/M**2

INCIDENT ELECTRONS 8.
RESULTING SECONDARIES 1.
RESULPING BACKSCATTER 2.
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INCIDENT PROTONS 3.94e-08

RESULTING SECONDARIES 1.862-07
BULK CONDUCTIVITY -9.31e-10
PHOTOCURRENT 0.00e+00

NET FLUX AFTER LONG-TIME-STEP -2.23e-07
SINGLE COMMAND OR MODE SET ?

>1145
SURFACE CELL NO. 1145
CODE 633762012
CENTERED AT 7.0 5 .5
MATERIAL IS TEFL
NORMAL 1 0 0

SHAPE IS SQUARE
POTENTIAL =-1.580e+04 VOLTS
INTERNAL FIELD STRESS =-4.869e+06 VOLTS/METER
EXTEFNAL ELECTRIC FIELD =-1.59%e+04 VOLTS/METER
DELTA V =-6.184e+02 VOLTS
UNDERLYING CONDUCTOR IS NUMBER 1
UNDERLYING CONDUCTOR PUTENTIAL =-1,518e+04 VOLTS
LIMITING FACTOR = 1.000e+00
FLUXES IN A/M**2
INCIDENT ELECTRONS 8.84e-07
RESULTING SECONDARIES 3.63e-07
RESULTING BACKSCATTER 2.48e-07 .
INCIDENT PFROTONS 3.90e-08
RESULTING SECONDARIES 1.83e-07
BULK CONDUCTIVITY -4.87e-10
PHOTOCURRENT 0.00e+00
NET FLUX AFTER LONG-TIME-STEP -5,06e-08
SINGLE COMMAND OR MODE SET ?

>history

HISTORY COMMAND OR MQDE SET ?
>stress
MONE RESET

HISTORY COMMAND OR MODE SET ?
>307,1145
GTRE IN VOLTS/METER

TIME 107 1145

Wl #2 [ X " 5 [ 1 #7

6.0e+01:~3.69e+05-1.48e+06
1.2€+402:-8.07e+05-1.56p+06
1.8e+402:-1.31e+06-1.71e+06
2.4e+02:-1.82e+06-1.89e+06
1. 0e¢02:-2,33e+06-2.08u¢06
J.6e¢02:-2.84e+06-2.2Re+06
4.2e+¢02:-).34e+¢06-2.492+06
4.8e+02:-3.830+06-2.69e+06
5.4e+02:-4.32¢+06-2.8Re+06
6.0e+02:-4.80e+06-3.08e+06
6.60+02:-5,27@+06-3.270¢06
7.20+402:-5,740+06-).46e+06
7.80¢02:~-6.200+06-).640+06
8.4e+02:-6,.660+06-3,.82e+06
9,.0@e02:-7.110+406-4.00e+06
9.6@e02:-7.560+06~4.18a+06
1.0e+¢03:-8,00e+06-4.3%e¢li6
l.1lee03:-8.44€406-4.5)0+06
1.10+03:-8.87¢+06-4.700+06
1.2000):-9.310406:-4 . H7e+06
STRE VERSUS LOG{TIME

LI IR Vivrae e e
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HISTORY COMMALIID OR NOLE SET ?
>axit

Contours Exccution for Spinning Spacccraft in Geosynchronsus Orbit-SCATHA

ENTER TITLE>:

asgfil called for lun = 2
asgfil called tor lun ¢ 21

N2»33
NG>4

ENTER THE CUT-PLANE"S NORMAL DIRECTION

{X, ¥, 0R

ENTER THE CUT- PLANE*S OFPSET ALONG 1HE NORMAL»17

ENTER 1 (SINGLE), 2 (DOUBLE), OR O (LUMIT) TO SPECIFY FORMAT OF ZERO-POTVENTIALS:

. DEFAULT STRING <SINGLE> ASSIGNED.

SEAWARNING®** NUMNOD --~- ZERO POINTS FPOUND IN LIST.

2

2.

OR QUIT Q1> &

1
2 i
p
. . . 2 2 . . . .
~2.00@606¢ . .. it e e e feteieean 2 e e it st b e it b e
. : .2
1. 2
2
H 4
2
1 ‘
/
. . . . 1 P
4. 000406+, i e it e i e e ittt e Y .
- . 2.
1 2
W22
1 2
B 17 T T
. ]
|
H
B I 1T 1T N S S S S S SO
1
vl
Ll
B Y 1 112 .
1.00900 1o hiee00 2.00e.00 2.%00+00 Lolle s O 1.5%00+00 4.0%e:00




ENTER THE CUT-PLANE*S NORMAL DIRECTION (X,Y,OR Z), OR QUIT (Q)> q
PREPARING TO DUMP AND QUIT.
[EXIT]

C.8 Three-Axis Stabilized Spacecraft in Sunlight

The following files are the input and output files from the various computer codes used
in the example shown in Section 5.1.2.

Matchg Execution (fort.3) for 3-Axis Stabilized Spacecraft in Sunlight

This is the fort.3 file generated from the execution of Matchg for this problem. The
cnvironment is set to the severe substorm environment using the change environment
command. The material is KAP3. A summary of potentials and currents before and after
charging is requested. The process is repeated for all of the surface materials. During the
execution, the object definition files (below) was used as a fort.8 for material definitions.
The results are tabulated in Table 8.

WELCOME TO 'MATCHG', A MATERIAL CHARGING
PROGRAM. TYPE 'HELP' AT ANY TIME FOR ASSISTANCE.
MATERIAL IS KAP3

ENVIRONMENT NOW SINGLE MAXWELLIAN

change envi nel 1.12e6

ENVIRONMENT IS A SINGLE MAXWELLIAN

ELECTRONS: NE1 = 1.120+06 (N**-}) TEl = 1.000 KEV
I0NS : NIl = 1.000+06 (N**-3} TIl = 1.000 KEV
change envi tel 12

ENVIRONMENT IS A SINGLE NAXWELLIAN

ELECTRONS: NEL ¥ 1.12e+06 (N**-3) TEL = 12.000 Kev
IONS @ NIl =2 1.000+06 (N**-}) TI = 1.000 KEV
change envi nil 31.36eS

ENVIRONNENT IS A SINGLE HAXWELLIAN

BLECTRONS: NEl ¢ 1.12e406 (N**.3} ™S » 12.000 REV
IONS + NIl « 2.)600057 (N**.)) TI] = 1.00_0 KEV

chasge eavi til 39.3
ENVIRONNENT IS A SINGLE MAXWELLIAN

BLECTRONS: NEl & 1.12es0% (N®%-3) TH1 » 12.000 KEV
1oNS D NIL % 2. 16eeU% IN*®-3) TEL ¢ 29.500 KEV

result charge

- RYCLE 1 TINE 0.00e+00 SECONDS POTENTIAL 0.00ees00 VOLTS

[NCIDENT ELECTRON CURRENT ~3.30e-06

(]
-—
tv




SECONDARY ELECTRONS 7.33e-07
BACKSCATTERED ELECTRONS 8.0le-07

INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS 1.14e-07
BULK CONDUCTIVITY CURRENT 0.00e+00

NET CURRENT -1.62e-06 AMPS/M**2
CYCLE 93 TIME 1,77e+04 SECONDS POTENTIAL -2.08e+04 VOLTS

INCIDENT ELECTRON CURRENT -5.84e-07
SECONDARY ELECTRONS 1.30e-07
BACKSCATTERED ELECTRONS 1.42e-07

INCIDENT PROTUN CURRENT 4.32e-08
SECONDARY ELECTRONS 2.07e-07

BULK CONDUCTIVITY CURRENT 1.64e-08

- —————

change material LFALUM
MATERIAL IS LFAL
result charge

CYCLE 1  TIME 0.000+00 SECONDS POTENTIAL 0.00a+00 VOLTS

INCIDENT ELECTRON CURRENT 3.30e-08
SECONDARY ELECTRONS 7.11e-07
BACKSCATTERED BLECTRONS K.0le-07

INCIDENT PROTOM CURRENT J2.54€-08
SECONDARY ELECTRONS 1.14e-07

BULK CONDUCTIVITY CURRENT 0.00e+00

NET CURRENT -1.62e-06 AMPS/M**2
CYCLE 2 TIME 8.84e+04 SECONDS POTENTIAL -).)%e-03 VOLTS

INCIDENT ELECTRON CURRENT ~3.30e~06
SECONDARY ELECTRONS 7.3)e-07

© BACKSCATIERED ELECTRONS &.0le-07
INCIDENT PROTON CURRENT 2.54e-00
SECONDARY ELECTRONS 1. l4e-07

BULK CONDUCTIVITY CURRENT 1.62e~06

HEMAN YN ES

NET CURRENT -4.66e~12 AMPS/N**2
change material $13610
NATERIAL IS S13G
result charge

CYCLE I TINE 0.00e+00 SECONDS POTENTIAL 0O. ooaoo VOLTS

INCIDENT ELECTRUN CURRENT : »1 J0e~-08
SECONDARY ELECTRONS 1.42e-06
BACKRSCATTERED BLECTROMS #.0ie-07

INCIDENT PROTON CURRENT . 2.5¢e-08
SECONTARY SLECTRONS 1. 1409

BULK COMDUCTIVITY CURRENT 0.00e+00

: NET CURRENT .9.32e¢-07 ANPI/M**)

CYCLE 2  TINE J.8)es0d SECONDS POTENTIAL +1.46¢:01 VOLTS

INCIDENT mmw CURRENT =3 }0e-06

1.42¢-06

A.01e-07

INCIDENT PROTON CURRENT 2.54e-08

) i.1de-07

9.)2e-07
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-1.

NET CURRENT
change naterial FSLICA
MATERIAL IS PSLI

result charge

CYCLE 1 TIME 0.00e+00 SECONDS
INCIDENT ELECTRON CURRENT -3.
SECONDARY ELECTRONS 1.

BACKSCATTERED ELECTRONS 1
INCIDENT PROTON CURRENT 2
SECONDARY ELECTRONS 1
BULK CONDUCTIVITY CURRENT )

NET CURRENT

CYCLE 49 TIME J}.6le+04 SECONDS
INCIDENT ELECTRON CURRENT -2
SECONDARY ELECTRONS 8
BACKSCATTERED ELECTRONS 6.

INCIDENT PROTON CURRENT 3
SECONDARY ELECTRONS 1

BULK CONDUCTIVITY CURRENT i |
NET CURRENT -1.

change material IL;ViL
MATERIAL IS BLKV

13e-10 AMPS/M**2

POTENTIAL 0.00e+00 VOLTS
30e-06
33e-06

.07e-06
.54e-08
14e-07
.00e+00

.59e-07 AMPS/M**2

POTENTIAL -5.84e+03 VOLTS

.03e-06
.19e-07

56e-07

.04e-08
+38e-07
.84e-07

----------

82e-10 AMPS/H**2

POTENTIAL 0.00e+00 VOLYS
30a-06
3le-07
0le-07
Y4e-08
1de-0?
00es+00

MR B ML XTI RW

zesult charge

CYELE 1 TINE 0.00e+39 SECONDS

~ INCIDENT ELECTRON CURRENT =3,
SECONDARY ELECTRONS 1.
) BACKSCATTERED BLECTRONRS B,
- INCIDENT PROTON CURRENY : 2.
~ SRCONDARY ELECTRONS 1.
BULR COMDUCTIVITY CURRENT _ 0.
NET CURRENT -1,

CYCLE 2 TINE  2.42e+08 SELONDS
THETOENT ELECTRON CURNENT -3,
SECONDARY ELECTRONS ]
BACKSCATTENED BLECTRONS W,
IHCIBENT PROTON CURRENT :
SECONDARY ELECTRONS
BULK CONDUCTIVITY CURRENY 1.
NET CURRBNT -7,

change aateriel Siemtss

MATRRIAL 1% BeME
result charge
CYELE 1 TINE 0.006+00 LHECOKDS
- INCIOENT ELECTRON CURNENT -3
SECOHDANY ELECTHONS 1.

BACKSCATTERED ELECTROMS

62e-08 ANPS/N**2
POTENTIAL -5.89e-0) WLTS
36906

.33e-07

Dle-4?

LSde-08

1.1de-07
530‘05

T3e-12 aﬂ’Siﬁ"!

POTENTIAL ©.00e+00 VOLTS

.10e-086

22e-06

: .RCe-0é
IRCIDENT PROTON CURRENY 2.

Sde-08
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SECONDARY ELECTRONS 1]

NET CURRENT -1
CYCLE 40 TIME 7.62e+03 SECONDS
INCIDENT ELECTRON CURRENT
SECONDARY ELECTRONS
BACKSCA'ITERED ELECTRONS
INCIDENT PROTON CURRENT
SECONDARY ELECTRONS

9
1
3
1

NET CURRENT -1
change material KAP1TN
MATERIAL IS KAPL

rasult charge

CYCLE 1 TIME 0.00e+00 SECONDS
INCIDENT ELECTRON CURRENT -3
SECONDARY ELECTRONS 7
BACKSCATTERED ELECTRONS 8
INCIDENT PROTON CURRENT 2
SECONDARY ELECTRONS 1
BULK CONDUCTIVITY CURRENT 0

NET CURRENT -1

CYCLE 99 TIME 4.42e+04 SECONDS
INCIDENT ELECTRON CURRENT -6
SECONDARY ELECTRONS 1
BACKSCATTERED ELECTRONS 1
INCIDENT PROTON CURRENT q
SECONDARY ELECTRONS 2

k!

-3

BULK CONDUCTIVITY CURRENT

NET CURRENT
change material KAP2TN
MATERIAL IS KAP2

result charge

CYCLE 1 TIME 0.00e+00 SECONDS
INCIDENT ELECTRON CURRENT -3
SECONDARY ELECTRONS 7
BACKSCATTERED ELECTRONS 8

INCIDENT PROTON CURRENT 2
SECONDARY ELECTRONS 1

BULK CONDUCTIVITY CURRENT 0
NET CURRENT -1

CYCLE 99 TIME 1.77e+05 SECONDS
INCIDENT ELECTRON CURRENT -7
SECONDARY ELECTRONS 1
BACKSCATTERED ELECTRONS 1
INCIDENT PROTON CURRENT 4

1
1

2
-

SECONDARY ELECTRONS
BULK CONDUCTIVITY CURRENT

NET CURRENT

change material RHFPRT

ARe-07

.37e-07 AMPSH/M 02

POTENTIAL -5.77e+03 VOLTS

.04e-06
.52e-07
.1le-06
.04e-08
.43e-07

.94e-10 AMPS/M**2

POTENTIAL 0.00e+00 VOLTS
.30e-06

.33e-07

.0le-07
.54e-08

.14e-07

.00e+00

.62e~-06 AMPS/M**2
POTENTIAL -2.02e+04 VOLTS
.1lle-07
.36e-07
.48e-07
.28e-08
.04e-07
.98e-08

.99e-08 AMPS/M**2

POTENTIAL 0.00e+00 VOLTS
.30e-06
.33e-07
.0le-07
.54e-08
14e-07
.00e+00

.62e-06 AMPS/M**2
POTENTIAL -1.79e+04 VOLTS
.40e-07
.65e-07
.80e-07
.08e-08
.93e-07
.4le-07

.06e-08 AMPS/M**2



MATERIAL IS EHFP
result charge

CYCLE 1 TIME 0.00e+00 SECONDS POTENTIAL O0.00e+00 VOLTS

INCIDENT ELECTRON CURRENT -3.30e-06
SECONDARY ELECTRONS 6.6le-07
BACKSCATTERED ELECTRONS 1.46e-06

INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS 1.18e-07

NET CURRENT -1.03e-06 AMPS/M**2
CYCLE 99 TIME 1.0le+03 SECONDS POTENTIAL -1.82e+04 VOLTS

INCIDENT ELECTRON CURRENT ~7.24e-07
SECONDARY ELECTRONS 1.45e-07
BACKSCATTERED ELECTRONS 3.21e-07

INCIDENT PROTON CURRENT 4.10e-08
SECONDARY ELECTRONS 2.01e-07

NET CURRENT -1,54e-0B AMPS/M**2
change material ALUM
MATERIAL IS ALUM
result charge

CYCLE 1 TIME 0.00e+00 SECONDS POTENTIAL 0.00e+00 VOLTS

INCIDENT ELECTRON CURRENT -3.30e-06
SECONDARY ELECTRONS 6.75e-07
BACKSCATTERED ELECTRONS 1.1%e-06

INCIDENT PROTON CURRENT 2.54e-08
SECONDARY ELECTRONS 6.92e-08

NET CURRENT -1.35e-06 AMPS/M**2
CYCLE 99 TIME 7.71e+02 SECONDS POTENTIAL -2.22e+04 VOLTS

INCIDENT ELECTRON CURRENT ~5.17e-07
SECONDARY ELECTRONS 1.06e-07
BACKSCATTERED ELECTRONS 1.85e-07

INCIDENT PROTON CURRENT 4.45e-0R
SECONDARY ELECTRONS 1.31e-07

NET CURRENT -5.10e-0R AMPS/M**2
change material CPHRENL
MATERIAL IS CPHE
result charge

CYCLE 1 TIME 0.00e+00 SECONDS POTENTIAL 0.00e+00 VOLTS

INCIDENT ELECTRON CURRENT ~-3.30e-06
SECONDARY ELECTRONS 1.35e-06
BACKSCATTERED ELECTRONS 9.25e-07

INCIDENT PROTON CURRENT 2,54e-08
SECONDARY ELECTRONS 1.14e-07

BULK CONDUCTIVITY CURRENT 0.00e+00

NET CURRENT -R.80e-07 AMPS/M**3
CYCLE 4 TIME R.1%e+0! SECONDS POTENT1AL -4.4%e+0] vOouDs

INCIDENT ELECTRON CURRENT -3.2Re-00G
SECONDARY ELECTRONS 1.35e-06
BACKSCATTERED ELECTRONS 9.22e-07

INCIDENT PROTON CURRENT 2.55e-0R
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SECONDARY ELECTRONS 1.14e-07
BULK CONDUCTIVITY CURRENT 8.76e-07

NET CURRENT -4.04e-11 AMPS/M**2
exit

[EXIT)

These three files are used in the execution of Nascap for the sunlit spacecraft example.
The first file is the standard input, which gives the options and the initial potentials. The
second file is the object definition, and the third file is the environment definition.

Standard Input to Nascap for 3-Axis Stabilized Spacecraft in Sunlight

rdopt 5
delta 60,
longtimestep
neyec 20
ng 2
nz 33
amesh 0.457
sundir 1 .1 -.3
suniat 1,
end

objdef 290

capaci

hidcel

tzilia

end

Object Definition File (fort.20) for 3-Axis Stabilized Spacecraft in Sunlight
This file is alzo used as a fort.8 material definition file for the execuiion of Matchg.

COMMENT PRELIMINARY FLERTSATCOM MODEL (VERSION 1)

COMMENT FLIGHT / SPACECRAFT WITH EHF MODULE

CONMENT HESH SIZE IS 1.5FT (0.457 M)

COMMENT 8/C ILLUMINATED AT DANN

COMMENT DEFINE NATFRIALS

COMNERT

KARITN

3.50B+00 1.272-04 1.003-16 S5.00E+00 2.10r:-00 1.50B-01 7.158+01 6.00E-01
3.12.403 1.772+00 4.55E-01 1.40E+02 2.00E-95 7.50E+19 1,00E+04 2,.008+03
1.00E-13 1.00E+00 1.00F+02 2.00E+01

LFALUM

3.50E+00 2.54E-05 1.323E-080 5.00E+00 2.30E+00 1.502-01 7.15E+01 6.002-01
3.12E+02 1.77E+00 4.552-01 1.40E+02 2.002-05 3,20E+12 1.00E+04 2.00E+03
1.00R-13 1.00E+00 1.00E+03 2,00E+01

8136L0

3.508+50 1.02B-04 6.50K-10 &,00E+00 2.10E+00 1.50Ek-01 ~-1.00E+00 0.00E+00
1.084+00 9.30E+00 4.55%-0. 1.400+02 2,00E-05 1.50E+13 1.00B+04 2.008+03
1.00E-13 1.002+00 1.00E+03 2.002+01

PELICM

4,00R+00 1.52B-04 1.00E-14 1.00E+01 2.40Re00 4.00E-01 1.16E+02 8.102-01
1.832+02 1.862+00 4.55E8-01 1.40E+02 2.00E-05 6.58E+17 1.00E+04 2.00E+03
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1.00E-13 1.00E+00
BLKVEL

3.502+00 5.08E-05
3.122+02 1.772+400
1.00B8-13 1.00B+00
8SMESH

1.00F+«00 1.002-03
7.94B+01 1,.74E+00
1.00E-13 1.00+00
KAPITN

3.50E+00 5.08B-05
3.12B+02 1.77E+400
1.00E-13 1.00B+90
KAP2TN

3.508+00 1.27m-05
3.128+02 1.77E400
1.00E-13 1.002+00
EHFPRT

1.00E+00 1.00E-03
7.182+00 5.55E+0%
1.60E-13 1,00E+00
ALUM

1,00E+00 1.00E-03
2,20B+02 1.762+00
1.00E-13 1.00E+00
CPHENL

3.50B+00 5.08%-03
2.18E+02 1.77B+00
1.00E-13 1.,00E+00
COMMENT

1.00E+03

1.40E-08
4.55E-01
1.002+03

~1.060E+00
4.90E-01
1.00E+03

1.00E-16
4.55E-01
1.00E+03

i.00E-16
4.55e-01

'1.00E+03

-1.00E+00
4.90B~01
1.00E+03

-1.00E+00
2.44p-01
1.00E+03

1.00E-10
4.55E-01
1.00E+03

COMMENT DEFINE OBJECT
COMMENT FSC EQUIPMENT MODULE

OCTAGON

AXIS -2 -6 0 =-2 -2 0

WIDTH 6

SIDE 2

SURFACE + KAP2TN
SURFACE - KAP3ITN
SURFACE C KAPLTN
ENDOBJ

COMMENT

2.00E+01

5.00E+00
1.40E+02
2.00E+01

4.70E+01
1.238+02
2.00E+01

5.00E+00
1.40E+02
2.00E+01

5.00E+00
1.40E+02
2.00E+02

2.44E+01
1.238+02
2,002+01

1.30E<01
2,.308+02
2.00E+01

7.00R+00
1.40E+02
2.00E+01

2.10E+00
2.G9E-05

1.008+00
2.30E-05

2.10E200
2.008-05

2.10B+00
2.00B-05

1.40E+00
3.20E-05

9.70E-01
£4.00E-05

3.00E+00
2.002-05

COMMENT EQUIPNENT MODULE SIDES/ SSM PATCHES

PATCHR

CORNER -5 -6 0
DELTAS 111
SURFACE -X FSLICA
ENDOBJ

PATCHR

CORNER 0 -6 ¢
DELTAS 111
SURFACE +X PSLICA
ENDOBJ

PATCHR

CORNER 0 -4 -}
DELTAS 111
SURFACE +X FSLICA
ENDOBJ

PATCHR

CORNER -2 -3 -3
DELTAS 1 11
SURFACE -% FSLICA
ENDORJ

PATCHR

CORNER -3 -3 -3
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1.50E-01
1.40E+12

8.00E-01

-=1.00E+080

1.50x-01
2.00E+20

1,.50E-01
7.908+20

8.00E-01
-1.00E+00

3.00E-01
~1.00BE+00

3.00E-01
1.00E+20

7.15E+01
1.00E+04

8.45E+01
1.002+04

7.15E+01
1.00E+04

7.15E+01
1.00B+04

~-1.00E+00
1.00E+04

1.54E+02
1.00E+04

4.54B+01
1.00E+04

6.00E-01
2.00E+03

8.202-01
2.00E+03

6.00E-01
2.00E+03

6.00E-01
3.00E+03

0.90=+00
2.00E+03

8.00E-01
2.00E+03

4.00E-01
2.00E+03




DELTAS 111
SURFACE -Z FSLICA

ENDOBJ

PATCHR

CORNER -3 -4 -3
DELTAS 11 1
SURFACE -Z PFSLICA
ENDOBJ

PATCHR

CORNER -2 -5 -3
DELTAS 11 1
SURFACE -Z PFSLICA
ENDOBJ

PATCHR

CORNER ~3 -6 -3
DELTAS 11 1
SURFACE ~Z FSLICA
ENDOBJ

PATCHR

CORNER -2 -3 2
DELTAS 11 1
SURFACE +Z FSLICA
ENDOBJ

PATCHR

CORNER -3 -3 2
DELTAS 111
SURFACE +Z FSLICA
ENDOBJ

PATCHR

CORNER -2 -4 2
DELTAS 11 1
SURFACE +2 PFSLICA

ENDOBJ

PATCHR

CORNER -3 -5 2
DELTAS 11 1
SURFACE +Z PSLICA
ENDOBJ

PATCHR

CORNER -2 -6 2
DELTAS 11 1
SURFACE +Z FSLICA
ENDOBJ

PATCEW

CORNER 0 -3 1
FACE FSLICA 1 0 1
LENGTR 11 1
ENDOBJ

PATCHEW

CORNER 0 -5 1
FACE FSLICA 1 0 1
LENGTH 11 1
ENDOBJ

PATCHW

CORNER 0 -3 -1
FACE FSLICA 1 0 =~
LENGTH 1 1 1
ENDOBJ

PATCHW

CORNER 0 ~5 -1
¥ACE FSLICA 1 0 -1
LENGTE 1 11
ENDOBJ

PATCHW
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CORNER -4 -3 1

FACE PFSLICA -1 0 1
LENGTH 1 1 1
ENDOBJ

PATCHW

CORNER ~4 -5 1

PFPACE FSLICA -1 0 1
LENGTH 1 1 1
ENDOBJ

PATCHW

CORNER -3 -4 2

FACE PSLICA -1 0 1
LENGTH 1 1 1
ENDOBJ

PATCHW

CORNER -4 -3 -1
FACE FSLICA -1 0 -1
LENGTH 1 1 1
ENDOBJ

PATCHW

CORNER -4 -5 -1
FACE FSLICA -1 0 -1
LENGTH 1 1 1
ENDOBJ

PATCHW

CORNER -3 -6 -2
FACE FSLICA -1 0 -1
LENGTH 1 1 1
ENDOBJ

COMMENT

COMMENT EQUIPMENT MODULE TOP/UHF TRANSMIT ANTENNA
OCTAGON

AXIS -2 -3 0 -2 -2 0
WIDTE 4

sSinE 2

SURFACE + S13GLO
ENDOBJ

COMMENT EEF ANTENNA PATCH
WEDGE

CORNER -1 -3 1

FACE KAP2TN -1 0 -1
LENGTR 1 11
SURFACE +Y EHFPRT
ENDOBJ

COMNENT

COMMENT ANTENNA MESH
ASLANT

CORNER 0 1 -2

PACE SSMESH 1 -1 O
LENGTH 3 3 4
ENDOBRJ

ATET

CORNER 0 1 2

FACE SSMESH 1 -1 1
LENGTE 3

ENDOAJ

ASLANT

CORNER ~4 1 2

PACE SSMESR O -1 1
LENGTE 4 3 3
ENDOBT

ATET

CORNER -4 1 2

FACE SSMESR -1 -1 1
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LENGTH 3

ENDOBJ

ASLANT

CORNER -4 1 -2
FACE SSMESE -1 -1 0
LENGTE 3 3 ¢
ENDOBJ

ATET

CORNER -4 1 -2
FACE SSMESH -1 -1 -1
LENGTH 3

ENDOBJ

ASLANT

CORNER ~4 1 -2
FACE SSMESH 0 -1 -1
LENGTH 4 3 3
ENDOBJ

ATET

CORNER 0 1 -2

FACE SSMESE 1 -1 -1
LENGTH 3

ENDOBJ

COMMENT

COMMENT UHF TRANSMIT ANTENNA MAST
BOOM

AXIS -2 -2 0 -200
RADIUS 0.218
SURFACE S813GLO
ENDOBJ

BOOM

AX18 -2 00 -240
RADIUS 0.083
SURFACE ALUM
ENDOBJ

BOON

AXIS -2 40 -250
RADIUS 0.0416
SURFACE S13GLO
ENDOBJ

COMMENT

COMMENT SOLAR ARRAY PLUME SHIELD
PLATE

CORNER -4 -7 -2
DELTAS 0 12

TOP ~-X KAPITN
BOTTON +X ALUM

ENDOBJ

PLATE

CORNER -4 -7 1
DELTAS 0 1 1
TOF -X ALOUM
BOTTOM +X ALUM
ENDOBY

PLATE

CORMER -4 -7 2
DELTAS 3 1 0

TOP +% KAPITN
BOTTOM =& ALUN
ENDOBJ

PLATE

CORNER -1 -7 2
DELTAS 1 1 0
TOP +% ALUM
BOTTOM -Z ALUM




ENDOBJ
PLATE

CORNER 0 -7 -1
DELTAS 0 1 3
TOP +X KAPITN
BOTTOM -X ALUM
ENDOBJ

PLATE

CORNER 0 -7 -2
DELTAS 0 1 1
TOP +X ALUM
BOTTOM -X ALUM
ENDOBJ

PLATE

CORNER -3 -7 -2
DELTAS 3 1 0
TOP -Z KAPLTN
BOTTOM +Z ALUM
ENDOBJ

PLATE

CORNER -4 -7 -2
DELTAS 1 1 0
TOP -2 ALOM
BOTTOM +Z ALUM
ENDOBJ

COMMENT

COMMENT AKM NOZZILE
PATCHR

CORNER -2 -6 0
DELTAS 1 1 1
SURPACE -Y CPHENL
ENDOBJ

CONNENT
COMNENT UHF RECEIVE ANTENKA
COMMENT GROUND PLANE CAVITY
WEDGE

CORNER 6 0 1
PACE ALUM 1 0 1
LENGTER 1 1 1
SURFPACE ~-X ALUM
SURPACE +Y ALUN
SURPACE =Y ALUM
SURFACE -Z ALUM
ENDOBJ

WEDGE

CORNER 6 0 1
PACE ALUM -1 0 1
LENGTE 1 11
SURPACE +X ALUM
SURPACE +Y ALUM
SURPACE -Y ALUM
SURPACR -2 ALUM

[
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FACE ALUM -1 ¢ -1
LENGTH 1 1 1

SURFACE +X ALUM
SURFACE +Y ALUM
SURPACE -Y ALUM
SURFACE +Z ALUN
ENDOBJ

CONMENT ANTENNA MAST
BOOM

AXIS 6 11 641
RADIUS 0.167

SURFACE S13GLO
ENDOBJ

BOOM

AXIS 6 41 651
RADIUS 0.167

SURFACE ALUM

ENDOBJ

BOON

AXIS 6§ 51 681
RADIUS 0.167

SURPACE 813GLO
ENDOBJ

COMMENT ANTENNA BOOMS
BOOM

AXIS 1 -2 0 6 -2 0
RADIUS 0.33)

SURPACE LFALUM
ENDOBJ

BOOK

AXIS 6 -2 0 600
RADIUS 0.333

SURFACE LPALUNM
ENDOBJ

COMMENT

COMMENT SOLAR ARRAY PANELS
COMMENT PANELS // Y PLAME
COMMENT CELL SIDE +X

PLATE
CORKER -2 -8 9
DELTAS 0 8 6

TOP +X PSLICA
3OTTOM -X BLKVEL

ENDORJ

PLATR

CORNER -2 -8 -15
DRLTAS 0 8 &

TOP +X PSLICA
BOTTOM -X BLKVEL

ENDODY
PLATR

CORNER -2 -4 1)
DELTAS 0 1 1
TOP *X KAPITM
BOTTOM -X BLAVEL
ENDORS

PLATR

CORMER -2 -4 -14
DELTAS 0 1 1

TOP +X KARITHM

S0TTOM -X BLKVEL

RNDOMY

COMMENT SOLAR ARRAY BOOMS
2008




AXIS ~2 -4 3 -2 -4 9

RADIUS 0.06

SOURPACE LPALUM

ENDOBJ

BOOM

AXIS -2 -4 -9 -2 -4 -3
RADIUS 0.06

SURFACE LFALUM

ENDOBJ

ENDSAT

Flux Defintion File (fort.22) for 3-Axis Stabilized Spacecraft in Sunlight

single maxwellian
1.13e6 mks

12 kev

2.36e5 mks

a29.5 kav

end

Interactive Execution Runstream for Objdisp 3-Axis Stabilized Spacecraft in
Sunlight,

The following was used to create Figure 31.

asgfil called for lun = 21
NZ>33
NG»1

XMESH>
0 OBJECT DEFINITION INFORMATION BEING READ FROM PFILE
OA SHADOWING TABLE WAS PREVIOUSLY GENERATED
FOR THIS OBJECT USING THE HIDC OPTION
asgfil called for luns 2

MATERIAL PLOTS?>noO
0 PERSPECTIVE PLOTS -- <CR> 10 EXIT

X> 1
Y> 1

2> "02 .
HIDCEL - DIR = ( .975%9001, .0975900, -.1951800)
DISTANCE « 1000.00

SSWARNING** 1IN HIDCEL N3T+ 12 IPPS: 16001200000 BYPASSED ADDAL
OFINAL NAl = 298

0 PERSPECTIVE PLOTS -~ <CRs TO EXIT

X
{ELLT)

i3
&




Termtalk Execution (fort.3) for 3-Axis Stabilized Spacecraft in Sunlight

A group of surface cells is defined for each of the materials. The final potentials for
each of the groups is requested. A history of the potential over time for the highest
potential cell and for one conducting cell is requested. The results are shown in Figure 33
and Table 9.

CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP‘*
>subset KAP3TN
DEFINITION OF NEW SUBSET NAMED KAP3
487 REMAINING IN GROUP
SUBSET INSTRUCTICN PLEASE ?
>matexial KAPITN
31 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
»done
GROUP KAP3 WITH 31 MEMBERS IS NOW DEFINED
RETURNING TO MODULE ‘MAIN®
CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE ‘HELP'
»>subset LFALUNM
DEFINITION OF NEW SUBSET NAMED LFAL
487 REMAINING 1IN GROUP
SUBSET INSTRUCTION PLEASE ?
>material) LPALUR
19 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>done
GROUP LFAL WITH 19 NEMBERS 1S NOW DEFINED
RETURNING TO NODULE ‘'MAIN'
CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE ‘'HELP'
>subset 813GLO :
DEPINITION OF NEW SUBSET NAMNED S1)G
487 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>material 8313GLO
25 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ? -
sdocns
GROUP S513C WITH 29 MENBERS 15 NOW DEPINED
RETURNING 1O MODULE “MAIN®
CHOOSE ANY NMODULE
HELP 1S ALWAYS AVAXLABLE - TYPE ‘HELP®
S>aubsat PSLICA
DEFINITION OF NEW SURSET NAMED ¥SLI
© 487 REMAINING tH GROUP
© RUBSET IRSTRUCTION FLEASE 7
smiterisl FELICA
117 REMAINING IN GROUP
SUBSET IRSTRUCTION PLEASE 7
sdons .
GROUP PSLI WITH 117 MEMBERS 15 NOW DEPINED
RETURNING T NODULE  “MAINC
CHOOSE ANY NODULYE )
HELP IS ALWAYS AVAILABLE - TVHE -nm-
>gbest BLXVEL
DEFIRITION OF Huw sussr:r 'u.nm BV
407 RERAINING 3 GEOUP ‘
sm.,e* nmaumm m ’

o
“




>material BLKVEL
96 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>done
GROUP BLKV WITH 96 MEMBERS 1S NOW DEFINED
RETURNING TO MODULE ‘'MAIN’
CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE ‘'HELP'
>gsubset SSMESHE
DEFINITION OF NEW SUBSET NAMED SSME
487 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>material SSuEsE
84 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>done
GROUP SSME WITH 84 MEMBERS IS NOW DEPFINED
RETURNING TO MODULE ‘'MAIN'
CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP’
>subset KAP1ITN
DEFINITION OF NEW SUBSET NAMED KAP1
487 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>material KAPITN
§5 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>done
GROUP KAP1 WITH %5 MEMBERS IS NOW DEFINED
RETURNING TO MODULE ‘'MAIN'
CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'
>subset KAPITM
DEPINITION OF NEW SUBSET NAMED KAP2
487 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>material KAPITN
20 REMAINING IN GRCUP
SUBSET INSTRUCTION PLEASE ?
>done
GROUP KAP2 WITH 20 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN’
CHOOSE ANY MODULE
HELP IS ALWAYS AVAILABLE - TYPE °'HELP'
>subset REFMRT
DEFINITION OF NEW SUBSET NANED ENFP
487 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>material REPFRT
1 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
»done
REMAINING MENBER IS # JOR
THIS SUBSET HAS 1 MEMBERS
IT WILL NOT BRE CATALOGUED
RETURNING TO MODULR ‘MAIN'
CHOOSE ANY NODULER
HELP IS ALWAYS AVAILABLE - TYPR ‘'NELP'
»subset ALUM
DEFINITION OF NEW SUBSRT NAMRD ALUN
477 REMAINING IN GROUP
SURSET INSTRUCTION PLEASE ?
>material ALOM
17 REMAINING IN OROUP
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SUBSET INSTRUCTION PLEASE ?

>done

GROUP ALUM WITH
RETURNING TO MODULE

37 MEMBERS IS NUW DEPINED
‘MAIN'

CHOOSE ANY MODULE

HELP IS ALWAYS AVAILABLE - TYPE
>subset CPHENL

'HELP*

DEFINITION OF NEW SUBSET NAMED CPHE
487 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>materisl CPERNL

1 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?

>done

REMAINING MEMBER 1S # 259
THIS SUBSET HAS ) MEMBERS
IT WILL NOT BE CATALOGUED
RETURNING TO MODULE 'MAIN'
CHOOSE ANY MODULE
HELP IS ALWAYS AVAIIABLE - TYPE "HELP’

slateat

LATSSTWDORHODESST?

>poteatial
MODE RESET

MTBSTWDORNDDBSBT?

>ahanag
MODE RESET

LATEST COMNAND OR MODE SBT ?

>group KAMITH
POTL IN VOLTS

- 358~6.00e+Q)
" 260=6.00ee¢0)
359=6.00e¢0)
262=6.00e+0)
192-6.00040)
73-85.00¢+03}
21-6.00e+03

FOR NASCAP CYCLE 20 ...
361~6.000+03
71-6.00e+03
131-6.000+0)
246600040}

TINE = 1,200¢0)
72-6.00e+03  69-6.00e+])
257-6.000+0)  70-6.00e+0)
132:6.00e+0) 298-6.008+2)
136-6.00e0) 130-6.00e+0)

390-6.000+0) 356-6.000+0) )94-6.000¢0)
380-6.000+0)  2)-6.00ee03  25-5.00¢+0)
- & 0.00000 0 0.002+60 0 0.000+00

LATEST COMMAND OR MOOE SEY ?

sgvoup LYALOW
POTL IR VOLES
A17-2, 08902

4782, 080202

476-2.08ee02
475-2. 08002

FOR NASCAP CYCLE 20 ... TINE = 1.20e+0)
479-2.080+02 484-2,080+02 d49)-2.08es02
$72-2.080402  485-2.02es02  481-2, 086002
3. 0%0e02- 4742 . 080002 473-2.08e492

470-2. 08002  469-2. 030002 4682, 08+ 02

LATEST CONMAND OR WODE SEY ?

T osgroug 813800

POTL TH VOLYS .

4602, 08002

81-2. 082
46242, 08es 02
481-3. 080402
4651, 99002

TIME = 1, 20es(
173:2.0%e402 IR1-2. 08erG2
N5:2 0%esd2  ¥4-2.08es02
#53-2.080+02 370-3 0des02 I7:-.2.08es02
J08-2.08es02 307-2.03es03 18)1-2.01es02
467-1.9%002 466-1.9%e+02  105-1.98202

FOR MALCAP SYCLE 20 ...
1714-2. 0twe02
179-2.0Bwe02

LATESY COKMAND OR MODE SEY ?

. bghioup FELICA

POTL IN VOLYS
310-3.93%403
T9-2. 9300}
-2 93l
3196-9.85¢402
411-%.88as02
131-3 2ves2
1332, 98e402
1482 Bles02
£2:3. 680002

POR RASCAP TYCLE 0 ...
1832 92303 290:2.9lesC}  #4-2 . 93es3
190:2.9)es0) 29-2.9lee0]  32-2.93es{)
D6:2.90es03  129-1. 85203 393:1.2%e}
275-8.540402  161-7.39e¢ 02  177-6.RE0e02
3035530002 405<4 Jles02 101:).41es02
151:3. 1des02  100-} 15e=02 1A2-5.06e202
IU2:2.900v02  118-2 #9ps02 18%-3. 872062
192:2. Mesli2  199-2. 152002 166-2.6%¢+02
181:2. 680203 213:2.%20+02 119+2.01es02

TINE = 3. 20¢+03

2

SEC _
1)4-6,00e+0)
360-6,000+03
133-6,00w+03
362-6.000s0)

67-6.00e+03
27+6.000+03
0 0.00es00

SEC
402-2. 0Bee G
480-2 . 0fes02
386-2.08es02
0 0.00es00

= :
N3=2 . 08es02
309:2.08e:02
199-2 GBes~02
455-2.01es02
434-1.8%e402

SEC

" 18-+2.9)e+0Y
281-3.92e:02
1991 . 17es3}
461-%. 19002
117+3.57es02
18%-3. 00ee02
138.2 8berb2
992 6002
103-2. 61esly




127-2.61e+02
147-2.53e+02
161-2.434e+02
126-2.39e+02
201-2.33e+02
215-2,28e+02
109-2.23e+02
141-2.19e+02
216-2.16e+02
106-2.09e+02
142-2.08e+02
144-2.04e402
204-2.01e¢02
192-1.9%e+02
191-1.92e+02

LATEST COMMAND OR MODE SET ?

>group BLEVEL
POTL IN VOLTS
232-2,08e+02
343-2.08e.02
224-2.08e402
231-2.08e+02
1)4-2.CBes02
252-2.08e402
323-2.08e+02
215%=2.08e+02
113-2,08e+02
- 299-2.08e+02
294-2.08e402
287-2.08ee02
244+-2.08e:02
277-2.98e+02
237-2.08002

265-2.08e002

3)0-2.08e+02
317-2.08e:02

. 249-2.,08e+02"

132«2. 089002

LATEST CONMARD OR NODE SET ?

>uroup ENESE
#OTL 1IN VOLTS
- 44X =3,. 080202
4362, 588502
$35-3.00es02
4262 Qa2
221-2.08e02

. 416=2.0%es02
3832 08esd
3183 Oitee02
3352, 080802
3112, 0Res02
92.2.08es02
$7-2.08es02
$2:2.008s02
4723 Q% d2
i4-3.68es82
9-2.08e+02
3-2.C8evd2

186-2.60e+02
200-2.50e+02
110-2.42e+02
104-2.38e+02
146-2.33e+02
160-2.27e+02
105-2.21e+02
202-2.19%e+02
208-2.13e+02
108-2.09e+02
124-2.07e302
207-2.04e+02
107-2.00e+02
206-1,97e+02
205-1.92e+02

FOR NASCAP CYCLE 20 ...

227-2.
Jaz-2.
3i¥s-2.
230-2.

0Re+02
0de»02
DRes+02
083e+02
334-2.08e+02
329-2.08e+02
322-2.08e+02
234-2.080+02
3123-2.08e402
247-2,08e+02
291-2.08e+N2
286-2.08@+02
281=-2.08e+02
2742, 080402
236-2.08e.02
270-2.08e+2
282:2.089-02
345-2, (8202

269-2. 08002

0 0.00es00

139-2.59%e+02
167-2.48e+02
214-2.42e+02
120-2.38e+02
154-2.33e+02
97-2.25e+02
174-2.21e+02
155-2.17e+02
159-2,12e+02
122-2.0%e+02
217-2.07e+02
170-2.04e+02
218-2.00e+02
143-1.97e+02

0 0.00e+00

226-2.08e+02
225-2.08e+02
223-2.08e+02
264-2.080+02
263-2.08e+02
3268-2.0R8ee2
121-2.08e¢02
248-2.08e+02
302-2.008e+02
246-2.00e+02
292=2.08ee02
28%-2.08a+02
280-2.03e+02
273-2. 08002
268-2 . 08e002
284-2.08e+02
296-2.08¢+02

. 3)3'2.0”’02
283-2.08e+02

0 ©.00asi0

176-2.56e+02
196-2.47e+02
187-2.41e+02
140-2.36e+02
168-2.2%e+02
188-2.24e+02
121-2.20e+02
145-2.16e+02

96-2.12e+02
173-2.08e+02
156-2.06e+02

- 190-2.02e+02

172-1.99e+92
157-1.9%¢+02
0 9.00e+00

TIME = 1.200¢0)

229-2.08e¢02
340-2.08ee02
222-2.08e+(2
J44-2.08e+02
254-2.08e+02
127-2.008e+02
320-2.08e+02
315-2.08e202
J01-2.08ee02
245-2.08¢+02
291-2.00e002
244-2.08¢002
279-2.08e402
2723+2.08e202
267-2.08¢402

-316-2. 080002

298+2,08e+02

233-2. 000402

a97-3.0%e+02

0 0.00ers0

POR HASCAP CYCLE 20 ... TINE = 1.208e0)

482, 08032
€35-2.08e+02
436-2.08e~02
4352, 0des2
429-2. 0Bes02
415:2 . 0Rer02
38342, 0les03
34712 BRee2
329232, CEen02
199-2 . 08e2
| - ] TN, Jeg

§82. 9Rwad2

$1:3.08esg2

48-2. ORes 02

13.2. 08802

842.08e:02

342, 0%es52

439208002

434-2 . 080402
429-2.0%e202
424-2.08a+02

- 4192 0%e+02

$14:2 .08es02
381:2.08es02
234-2. 000402

220-2.08e»03

197-2 0Resl2
$0-3. 03002
$95=2.00@s02
$¢-2.08es32

452, 08es02 .

12-2.08e02
9:2.08e+02

322080002

LATECT COMARD OR MODE BET ¥

group KArITH
POTL IR VOLTS
sz}, 203
248« _12eed)
Pie2. 950003

FOR RAGCAP CVCLE 30 ...

115-3.266:03
164.2. 95403

$3-).26e203
BR-3_PSesln

438-2. O8¢eC2
43322 . 002
4282, Glee 02
3232, 08ee02
4102, 0Nes 03
413-2.08e202
in0 2. 08esd2
139-2.00e202
2192 Cugali
$3-2.00es02
892 Odqs02
$4:-2.08es02
- 49+2 . 08es02
16-3.08es02
132, Q03002
6-2.Glas02
123.0BesO2

TIME = ].30ws0)

61=1. Jdeed)
80-2. 9%¢+0?

153-2.54e+02
98-2.44e+02
210-2.39e+02
175-2.36e+02
195-2.28e+02
209-2.24e+02
125-2.20e+02
194-2.16e+02
189-2.11e+02
203-2.08e+02
193-2.05e+02
95-2.02e+02
123-1.98e+02
171-1.93e¢02

0 0.00e+00

SEC
228-2.08e+¢02
317-2.08ee2
221-2.08e+02
341-2.080402
253-2.08e+02
326-2.08%e+02
251-2.08e402
314-2.08e+02
300-2.08¢402
295-2.08e+02
288-2.08e02
24)-2.08e+02
278-2.08ee02
271-2.08e+02
266=2.08ee022
250-2.08e+02 -
319-2.03%e+02
33)-2.08es02
318-2.08402
0 G.00es00

i
437-2.68ex062
432-2.08es02
427-3.08e+02
422-2.08es02
417-2. GRes02
$12-2.08e+02
399-2. 0ites02
J3=2 OBesd2
2122 . 0Resf2
" 93:2.0808202

58+2.0%8e203
$3.2.080202
4.2, 0lle02
15:-2.080+02
10-32.0%es02
5:3.08es02
0 ¢.00e=00

SEC
64-3 13403
316:2.95e43)

- 40-F.95€+0)  $242.9%e405  V6-2.9%ws0)  75-2.9%€+03
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33-2.95e+03 36-2.95e+03 34-2.95e+03 35-2.95e+03 30-2.95e+03
31-2.9%e+03 135-2.95e+0} 24-2.95e+03 22-2.95e+03 28-2.9%e+03
24-2.95e+03 114-2.75e+03 240-2.57e+03 352-2.54e+03 351-2.51le+0)
354-2.36e+03 349-2.33e+03 3631-1.62e+03 255-1.51e+03 365-1.44e+03
395-1.41ae03 357-1.32e+03 389-1.26e+03 391-1.25e+03 367-1.10e+03
149-1.05e+03 398-9.86e+02 13164-9.77e+02 1397-9.55e+02 403-8.42e+02
377-7.90e+02 402-6.51e+02 366-6.48e+02 400-6.46e+02 289-5.37e+02
169-4.44e+02 409-3.98e+02 407-3.74e+02 169-2.14@+02 158-2.02e+02
LATEST COMMAND OR MODE SET ?
>group KAPATH
POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME = 1.20e«03 SEC
408-9.67e+02 410-7.48e+02 B86-6. 3Re+02 41-4.73e+02 B7-4.36e+02
375-4.12e4+02 R2-2.99e+02 178-2.90e+02 184-2.47¢+02 39-2.41e+02
304-2.400+02 311-2.36e+¢02 406-2.24e+02 371-2.17e+02 404-)1,78e+02
J6R-1.49e+002 43-1.40ee02 376-5.76e+01 37-5.2%e+01 79-%.27e+01
LATEST COMMAND OR MODE SET ?
>group ALUN
POTL IN VOLTS FOR NASCAP CYCLE 20 ... TIME = 1.20e+0) SEC
464-2.08e+02 459-2.08e+02 458-2.082+02 457-2.08e¢02 496-2.08e+02
451-2.08e¢02 452-2.08e+02 451-2.08e¢02 450-2.08e+¢02 449-2.08e+02
448-2.08e+02 447-2.08e+02 346-2.08a+02 445-2,000+02 4¢44-2.08e+02
443-2.08e+02 442-2.08e+02 3IHT-2.08e+02 386-2.08e+02 385-2.0Re«(2
134-2.082¢02 1395-2.08¢+02 39)-2.08e+02 )50-2.08e+02 348-2.0Be+02
242-2.0B0¢02 239-2.08e+02 116-2.08e+02 113-2.08Be+d2 88-2.08e+02
65-2.0%e+02 60-2,08e02 $9-2.0de+02 20-2.08e202 19-2.080+02
18-2.08e+02 17-2.68e+02 0 0.00a+00 0 0.00e+00 0 0.00e+00
LATEST COMMAND OR HODE SET ? .
saingle
SINGLE COMMAND 0& NODE SET .
308
SURFACE CELL NO, 308
: : ' CENTERED AT -1.3 2.0 7
HATERIAL IS ENFP
POTENTIAL =-2.078e¢02 VOLYS
SINGLE COMNAND ca HoDE SST 4
»3%9 : .
SURPACE CELL NO. 299 : . )
CERTERED AT «3.% 6.9 L%
RATERIAL 15 Che
FOTENTIAL -»3‘z)so.oz YoLTS
ﬁlﬂﬁt& COMNAND OR WODE BET 9

shlgtory
HISTORY COMMAND OR MODE SBY 7
5338
POIL 1IN VOLYS
TIRE )8
L L R R R _naauudmunsaauzz;xx:.-a‘-auznlanu::anx:utiﬁ_inunhﬂaalnu

[ 1 74 t 3] " ”» B 1 $7
€.0es01:=3 . 916202 : ' )
1.33+02::8,0%s402
1.88300: -} i6cx0}
2. 8es02:21.5%8+02
3 . 0es0d:=1,.8%e:03
J.6ae02: <2, 2l0s8)
4. 20e92:-2,5esdy
4.80303 ;=2 Wee261
- 5. 4es02:53 13t
L 6. 00902 4) $2ex}
6. 6@s02:2), Texg
T.3¢a02: <3 Res D
T . RenlX =4, 2%58s03
8. 4es02: 4. 52303




.0e+02:-4.77e+03
.6e+02:-5,02e+03
.0e+03:-5,26e+03
.1e+03:-5.53e+03
.1e+03:-5.77e+03
.2e+03:-6.00e+03

POTL, VERSUS LOG(TIME)
0.0%e+00

[ ol I Y- V)

.53es0)0

...............................................................................................................

-2.00e¢0%¢

R S O R [ et

B N P [T 1o.on. ettt ieiare e araaeaaaes i
. 1

1 .
.
B D ettt eteteeenieeeeaaan :
: 1 . N
1 . X
1

. P RS ST e eterieeriannees

1.00e+00 1.50e+00 2.00e+00 2.500400 3.00e+00 3.50e+00 4.00e+00
HISTORY COMMAND OR MODE SET ?

>477

POTL IN VOLTS
TIME 477

: L D1 $2 #3 #4 45 #6 47

6.0e+01:-4.72e+00
1.2e+02:-5.21e+01
1.8e+02:-5.14e+01
2.4e+02:-8.93e+01
3.0e+02:-8.99%e+01
3.6e+02:-9.52e+01
4.2e+02:-9.82e+01
4.8e+02:-1.03e+02
5.4e+02:-1.07e+02
6.0e+02:-1.07e+02
6.6e+02:-1.13e+02
7.2e+02:-1,20e+02
7.8e+02:-1.20e+02
8.4e¢02:-1.30e+02
9.0e+02:-1.36e+02
9.6e+02:-1.38e+02
1.0e+03:-1.46e+02
l.1le+03:-1.80e+02
1.1e+03:-1.95e+02
1,2¢+03:-2.08e+02

POTL VERSUS LOG(TIME)
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0.00e+00+.

SBL00EH0LY sttt e e L R el
10084024 s it T, [T R TR O '

-1.50e+02+

1. 009006 """""" Phgmon T 20000 T 2.50w0000 T hoomoo” T 3lbees0e’ T 4.008+00
HISTORY COMMAND OR MODE SET ?

T sexit

Interactive Rumtream for the Execution of Contours for 3-Axis Stablhzed
Spacecraft in Sunhght

The following was used to create Figures 34 and 35.

ENTER TITLE>:

asgfil called for lun =
asgfil called for lun

u o
[
=

NZ>33

NG>

ENTER THE CUT-PLANE"S NORMAL DIRECTION (X,Y¥Y,OR Z2), OR QUIT (Q)> =z
ENTER THE CUT-PLANE*S OFFSET ALONG THE NORMAL>14

ENTER 1 (SINGLE), 2 (DOUBLE), OR 0 (OMIT) TO SPECIFY FORMAT OF ZERO-POTENTIAL>:
DEFAULT STRING «<SINGLE> ASSIGNED.

ENTER THE CUT-PLANE"S NORMAL DIRECTION (X, Y,OR Z), OR QUIT (Q}» =
ENTER THE CUT-PLANE"S OFFSET ALONG THE NORMAL>17

ENTER 1 (SINGLE), 2 (DOUBLE), OR 0 (OMIT) TO SPECIFY FORMAT OF ZERO-POTENTIAL>:
DEPAULT STRING <SINGLE> ASSIGNED,




ENTER THE CUT-PLANE®S MORMAL DIRECTION (X,Y,OR 2}, OR QUIT (Q)> ¢
PREPARING TO DUMP AND QUIT.
[EXIT)

C.9 Polar Orbiting Spacecraft-DMSP

The following files are the input and output files from the various computer codes used
in the example discussed in Section 5.1.3.

suchgr Execution (fort.3) Polar Orbiting Spacecraft—DMSP

This is the fort.3 file generated from the execution of suchgr for this problem. The
environment is set to the severe auroral environment. Space-charge-limited current
collection is requested, the mach velocity is set to 6.7, and the spacecraft radius is set to
1.9 m. The material is set to SOLA. A summary of potentials and currents before and
after charging is requested. The process is repeated for all of the surface materials. The
results are shown in Table 10.

Welcome to SUCHGR 1.3
***ERROR - READMS - LUN i. KEY= 1 NOT PREVIOUSLY WRITTEN.
***ERROR - READMS - LUN 19 KEY=CONT NOT PREVIOUSLY WRITTEN.
*+**ERROR ~ READMS - LUN 19 KEY=MT19 NOT PREVIOUSLY WRITTEN.
Default material is
Default environment is DMSP
SUCHGR command >> DEN1 3.55e%
SUCHGR command >> TEMPL 0.2
SUCHGR command >> DEN2  &§.0E5
SUCHGR command »>> TEMP2 8.0E3
SUCHGR command >> GAUCO 4.0e4
SUCHGR command >> ENAUT 2.4E4
SUCHGR command >> DELTA 1.6E4
SUCHGR command >> PONCO 3.0F11
SUCHGR command >> PALPHA 1.1
SUCHGR command >> PCOTL 50.0
SUCHGR command >> PCUTH 1,.6E6
SUCHGR command >> vend -5000
SUCHGR command >> spclim

SUCHGR command >> awvwach 6.7
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SUCHGR command >> robj 1.9

SUCHGR command >> mate sola
Setting default values for material SOLA

SUCHGR command >> charge

Charged under Space Charge Limited Regime

Initial Final Units
Surface Potential 0.0000e+00 -4.9125e+02 volts
Conductor Potential 0.0000e+00 0.0000e+00 volts

Flux Breakdown:

Incident Electron Flux -5.8523e-05 -1.519%e~-0% A/m**2
Electron Secondary Flux 3.7908e-06 3.0361e-06 A/m**2
Backscattered Electron Flux 2.7606e-06 2.6164e-06 A/m**2
Incident Ion Flux 4.1548e-07 9.4658e-06 A/m**2
Ion Secondary Flux 0.0C00e+00  1.0897e-07 A/m**2
Photo Flux 0.0000e+00 0.0000e+00 A/m**2
Conduction Flux 0.0060e+00 0.0000e+00 A/m**2
Total Flux ~5.1556e-05 2.8271e-08 A/m**2

Init Sheath Radius= 1.900e+00 meters AVMACH= 6.700e+00
Final Sheath Radius= 9.06%e+00 meters ROBJ = 1.900e+00 meters

SUCHGR command >> mate npai
Setting default values for material NPAI

SUCHGR command >> charge

Charged under Space Charge Limited Regime

Initial Final Units
Surface Potential 0.0000e+00 ~5.4125e+02 volts
Conductor Potential 0.0000e+00 0.0000e+00 volts

Flux Breakdown:

Incident Electron Flux -5.8523e-05 -1.5155e~05 A/m**2
Electron Secondary Flux 4.3803e-06 3.1805e~06 A/m**2
Backscattered Electron Flux 1.7080e-06 1.5942e-06 A/m**2
Incident Ion Flux 4.1548e-07 1.0148e~05 A/m**2
Ion Secondary Flux 0.0000e+00 2.8374e-07 A/m**2
Photo Flux 0.0000e+00 0.0000e+00 A/m**2
Conduction Flux 0.0000e+00 0.0000e+00 A/m**2
Total Flux -5.2019e-05 $.1363e-08 A/m**2

Init Sheath Radius= 1.900e+00 meters AVMACH= 6.700e+00
Final Sheath Radius= 9.390e+00 meters ROBJ = 1.900e+00 meters

SUCHGR command >> mate agua
Setting default values for material AQUA

SUCHGR command >> chaxge

Charged under Space Charge Limited Regime
Initial Final Units




Final Sheath Radius=

SUCHGR command >>
Setting default values for material KAPT

SUCHGR command >>

mate kapt

charge

9.77%e+00 meters

ROBJ =

Charged under Space Charge Limited Regime

surface Potential 0.0000e+00 -6.0375e+02 volts
Conductor Potential 0.0000e+00 0.000Ne+00 volts
Flux Breakdown:
Incide it Electron Flux -5.8523e-05 ~1.5102e-05 A/m**2
Electron Secondary Flux 2.2214e-06 1.7910e-06 A/m**2
Backscattered Electron Flux 1.9551e-06 1.8232e-06 A/m**2
Incident Ion Flux 4.1548e-07 1.0997e-05 A/m**2
Ion Secondary Flux 0.06000e+00 4.0207e~07 A/m**2
Photo Flux 0.0000e+00 0.0000e+00 A/m**2
Conduction Flux 0.0000e+00 0.0000e+00 &/m**2
Total Flux -5.3931e-05 -8.9032e-08 A/m**2
Init Sheath Radius= 1.900e+00 meters AVMACH= §.700e+00

1.900e+00 meters

Initial Final Units
Surface Potential 0.0000e+00 ~6.4125e+02 volts
Conductor Potential 0.0000e+00 0.0000e+00 volts
Flux Brecakdown:
Incident Electron Flux -5.8523e-05 -1.5070e-05 A/m**2
Electron Secondary Flux 2.8429e-06 1.5059e-06 A/m**2
. Backscattered Electron Flux 1.7080e-~06 1.5819e-06 A/m**2
Incident Ion Flux 4.1548e-07 1.1511e-05 A/m**2
Ion Secondary Flux 0.0000e+00 4.8213e-07 A/m**2
Photo Flux 0.0000e+00 0.0000e+00 A/m**2
Conduction Flux 0.0000e+00 0.0000e+00 A/m**2
Total Flux -5.3556e-05 1.0892e-08 A/m**2
Init Sheath Radius= 1,.900e+00 meters AVMACH= €.700e+00

Final Sheath Radius= 1.000e+01 meters ROBJ = 1.900e+00 meters

SUCHGR command >> mate alum
Setting default values for material ALUM
SUCHGR command >> charge

Charged under Space Charge Limited Regime

Initial Final Units
Surface Potential 0.0000e+00 ~-5.6625e+02 volts
Conductor Potential 0.0000e+00 0.0000e+00 volts

Flux Breakdown:

Incident Electron Flux -5.8%23e-05 =1.5134e-05 A/m**2
Electron Secondary Flux 1.8627e-06 1.3977e-06 A/m**2
Back:scattered Electron Flux 3.2424e-06 . 3.0656e-06 A/m**2
Incident Ion Flux 4.154Re-07 1.0486e-05 A/m**2
Ion Secondary Flux 0.0000e+00 1.7658e-07 A/m**2

234




Photo Flux 0.0000e+00
Conduction Flux 0.0000e+00
Total Flux -5.3002e-05

Init Sheath Radius=
Final Sheath Radius=

1.900e+00 metexrs AVMACH=
9.545e+00 meters ROBJ =

SUCHGR command >> mate tefl
Setting default values for material TEFL
SUCHGR command >> charge

Charged under Space Charge Limited Regime

Initial
Surface Potential 0.0000e+00
Conductor Potential 0.0000e+00
Flux Breakdown:
Incident Electron Flux ~-5.8523e-05
Electron Secondary Flux 3.9214e-06
Backscattered Electron Flux 2.1803e-06
Incident Ion Flux 4.1548e-07
Ion Secondary Flux 0.0000e+00
Photo Flux 0.0000e+00
Conduction Flux 0.0000e+00
Total Flux -5.2005e-05

Init Sheath Radius= 1.900e+00 meters AVMACH=
Final Sheath Radius= 9.312e+00 meters ROBJ

SUCHGR command >> mate gold
Setting default values for material GOLD
SUCHGR command >> charge

Charged under Space Charge Limited Regime

Initial
Surface Potential 0.0000e+00
Conductor Potential 0.0000e+00
Flux Breakdown:
Incident Electron Flux -5,.8523e-05
Electron Secondary Flux 3.0267e-06
Backscattered Electron Flux 8.0270e-06
Incident Ion Flux 4.1548e-07
Ion Secondary Flux 0.0000e+00
Photo Flux 0.0000e+00
Conduction Flux 0.0000e+00
Total Flux -4.7054e-05

0.0000e+00
0.0000e+00

-7.5891e-09

6.700e+00
1.900e+00 meters

~5.2875e+02
0.0000e+00

-1.5166e-05
2.7974e-06
2.0504e-06

9.9798e-06
2.6240e-07

0.0000e+00
0.0000e+00

-7.6453e-08

6.700e+00
1.900e+00 meters

~1.8750e+02
0.0000e+00

-1.5497e-05
2.8391e-06
7.8697e-06

4.7575e-06
5.3101e-08

0.0000e+00
0.0000e+00

2.2975e-08

Init Sheath Radiuss 1.900e+00 meters AVMACH: 6.700e+00

Final Sheath Radius=: 6.,42%e+00 meters ROBJ

SUCHGR command >> mate cpal

A/m**2
A/m**2

A/m**2

A/mr*2
A/mk*2
A/m**2

A/m**2
A/m**2

A/mr*2
A/m**2

A/m**2

Units

-

velts
volts

A/mt*2
A/m**2
A/m**2

Almr*2
A/m* %2

A/m* 22
A/m**2

A/m*e2

s 1.900e+00 meters




Setting default values for material CPAI
SUCHGR command >> charge

Charged under Space Charge Limited Regime

Initial Final Units
Surface Potential 0.0000e+00 -6.4125e+02 volts
Conductor Potential 0.0000e+00 0.0000e+00 volts

Flux Breakdown:

Incident Electron Flux -5.8523e-05 -1.5070e-05 A/m**2
Electron Secondary Flux 2.8429%e-06 1.505%e~06 A/m**2
Backscattered Electron Flux 1.7080e-06 1.5819e-06 A/m**2
Incident Ion Flux 4.1548e-07 1.1511e-05 A/m**2
Ion Secondary Flux 0.0000e+00 4.8213e-07 A/m**2
Photo Flux 0.0000e+00 0.0000e+00 A/m**2
Conduction Flux 0.0000e+00 0.0000e+00 A/m**2

————— e e t - - ——

Total Flux -5.3556e-05 1.0892e-08 A/m**2

Init Sheath Radius= 1.900e+00 meters AVMACH= 6.700e+00
Final Sheath Radius= 1.000e+01 meters ROBJ = 1.900e+00 meters

SUCHGR command >> mate silv
setting default values for material SILV

SUCHGR command >> charge

Charged under Space Charge Limited Regime

Initial Final Units
Surface Poteritial 0.0000e+00 -2.9418e+02 volts
Conductor Potential 0.0000e+00 0.0000e+00 volts

Flux Breakdown:

Incident Electron Flux -5.8523e-05 -1.5382e-05 A/m**2
Electron Secondary Flux 2.8423e-06 2.6023e-06 A/m**2
Backscattered Electron Flux 6.3595e-06 6.1775e-06 A/m**2
Incident Ion Flux 4.1548e-07 6.5072e-06 A/m**2
Ion Secondary Flux . 0.0000e+00 1.0787e~07 A/m**2
Photo Plux 0.0000e+00 0.0000e+00 A/m**2
Conduction Flux 0.0000e+00 0.0000e+00 A/m**2
Total Flux -4.8906e~05 1.2900e-08 A/m**2

Init Sheath Radius= 1.900e+00 meters AVMACH= 6,700e+00
Final Sheath Radius=z 7.519e+00 meters ROBJ = 1.9000+00 meters

SUCHGR command >> quit
Want to save a copy of the session? »>> yes

Exit SUCHGR,

The computer vehicl was executed with the following standard input and object
definition files. Some of the resulting figures are shown in Figure 37,
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vehicl Execution Standard Input Polar Orbiting Spacecraft-DMSP

nxyz 19 15 27
matplots yes
makeplot 2
plotdir 2 3 5
plotdir -2 -3 -§
end

Object Definition File Polar Orbiting Spacecraft-DMSP

COMMENT ASSUMING A GRID OF 19,15,27
OFFSET 10 7 13

comment **evew  SOLAR CELL ARRAY
comment t*eeer  golar cell panel
CONDUCTOR 8

SLART

corner -8 0 -2

top solar 0 1 ~1

bottom npaint

length 2 6 6

endobj

PATCEW

cornex -8 2 -5

face gold 0 1 -1

length 1 11

endobj

commant tveere golax cell pansl
CONDUCTOR 7

SLANT

corner -6 0 -2

top solar 0 1 -1

bottom npaint

length 2 6 ¢

endobj

PATCEW

cornar -6 3 -4

face gold 0 1 -1

length 1 11

endobi

commant **etee  golar cell pansl
COMDUCTOR §

SLANT

corner ~4 0 -2

top solar 0 1 -}

bottom npaint

length 2 6 ¢

endod3

PATCEW

corner -4 2 -5

face gold 0 1 -~}

length 11 1 -

endob)

commant t¢eees gplar 0ell pansl
coDyCIOR 5

SLANT

coraer -2 0 -2

top solar 0 1 -1

dottom npaint

leagth 2 ¢ ¢

aundod)
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PATCHW

corner -2 3 -4

face gold 0 1 -1

length 1 1 1

endobj

comment ****¢+ golar cell panel
CONDUCTOR 4

SLANT

corner 0 0 -2

top solar 0 1 -1

bottom npaint

length 2 6 6

endobj

PATCHW

corner 0 2 -5

face gold 0 1 -1

length 1 11

endobj

comment te**¢ete golar cell pansl
CONDUCTOR 3

SLART

corner 2 0 -2

top solar 0 1 -1

bottoa npaint

length 2 6 6

endobj

PATCHW

corner 3 3 -4

face gold 0 1 =1

length 1 11

endobj

comment ****¢¢ golar cell pansl
CONDUCTOR 2

SLANT

cornaer 4 0 -2

top solar 0 ) ~1

bottom npaint

length 2 6 €

endobj

PATCEVW

corner 4 2 -3

tace gold ¢ 1 =~}

length 1 1 1

endobd

comment ¢e+eee golay Cell panel
CONDUCTOR 3

SLANY

corner § 0 -3

top solar 0 1 -2

bottom npaiat

length 2 ¢ ¢

andobj :

PATCEW

coroer § 3 -4

face gold 0 1 -1

length 1 1 1

endob) )
comsnt battery boies twica?
OCTALCN :

anis 00 =200 ~1

wideh & '

side &

comment 10 mil 204 surface teflon « cpaint
sucface ¢+ cpaint




surface - cpaint
surface C cpaint
endobj
comment RSS
» OCTAGON
axis 0 0 -4 0 0 0
width 6
side 2
comment 5 mil aluminized i2nd surface teflon is dsfault
surface + teflon
surface - teflon
surface C teflon

endobj

comment AKM motor, oxydized Ti = aquadag ?
PATCHR

cornexr -1 -1 ~4

deltas 2 2 1

surface -z agquadg

endobj

comment R8S truss plece

comment Proper truss is not possible, s0 extend rss and esa
OCTAGON

axis 0 0 00 0 1

width 6

sid» 2

surface ¢+ teflon
surface - teflon
surface C teflon
endobj
commant battery boxss
cosment OCTAGOR
comment axis 0 0 =2 0 0 -}
commentit width §
commant side ¢
commant surface ¢ cpaint
commmant surface - copaind
commant surface C cpaint
comment endodj
commane OCTAGON :
commeit axin 0 0 -4 00 0
commaat wideh ¢ )
comment sids 2
commant surface + - teflom
coampnt surface =~ teflon
commant surfacs ¢ tefion
cowasnt sadobd
coneat conoattor plece
commant OCYAOOR
commsat anis 0 00 0 0 2
coumgt width §
commant side 2
commsat surface ¢ cpaiat

¢ comment surface - cpaioe

: comeot surface ¢ cpalot
comsat andodi :
connatt R3S tiues plece
. KECTAN

« corney -3 <2 1
deltas 6 21
surface -u téflon
surface st taflon
sutfece -y teflon
surfece oy taflion
surfece -z teflom

)
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surface +z teflon
endobj

comment RSS truss plece
WEDGE

corner 0 0 1

face teflon -1 10

length 3 3 1

endobj

comment RSS truss piece
WEDGE

corner 0 0 1

face teflon 1 1 0

length 3 3 1

endobj

coament RSS truss lower piece
WEDGR

corner -1 -2 1

face teflon 0 -1 2

length 2 1 1

endobj

comment RSS truss piece lower
TETRAR

corner -1 =21

face teflon -1 -1 1

length 1

surface +x teflom

surface +y teflon

surface +zx teflon

endob]j

comment RSS truss piece lower
TETRAR

corner 1 -2 1

face teflon 1 -1 1

length 1

surface -x teflon

surface +y teflon

surface +x teflon

endobj

CORMBMENnt 9"9eve0stsdeoner S pi‘c‘.
RECTAN

corner -3 -2 2

deltas & 2 7

surface -x kapton

surface +x kapton

comment bottom of ESX is .5mil 2nd surf Al Kapt Dacron cloth ?
comment using npaint just for pictures
surface -y npaint

surface +y kapton

surface -3 kapton

surface +x kapton

endobj

WEDGR

corner 0 0 2

face kapton -1 1 0

length 3 3} 7
surface +x kapton
endobj

WEDGR

corner 0 0 2
face kapton 1 1 0

length 3 )} 7
surface +zx kapton
endob]

comment *teetecrecerr RN pinwhesl louvers
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PATCEN

corner -1 1 3

face aluminum -1 1 0
length 1 1 1

endodb]

PATCEN

corner 1 13

face aluminun 1 1 0

lengthi 1 1 %
endobi
PATCER
corner -3 -1 3
deltas 1 11
surface -x aluminum
endobj
PATCER
cornax 2 ~1 3
"deltes 2 1 3
surface +x aluainus
andobj
" PATCEM

corner -1 1 S
£ace aluminum -3 1 0

length 1 1 1
eddoby

. NYCm

- coxner 1 ) 8
face sluminum 1 1 O
length 1 1 12
asdod)

- NYCER
cotaar =3 -1 §
daltas 1 % 3
susfsce =2 aluaious
ondob) '
MICER
corsar 2 -1 8
delten 1 2 )
anlod)
BTG

fotw mlvakioni -3 1 O
C Jength 3 1} .
wnlobj

coinar 1 1 7

" fate slemimin ) 10

1aageh § 1 2




surface -x kapton
surface +x kapton
surface -y kapton
surface +y kapton
surface -z kapton
surface +z kapton
sndobi
cosmant antena
commant PLAYTS
commant corner % 3 9
comment dsltas 0 1 &
commant top -x alumin
commant hottom +x alumin
commant endzoj
CORMMMDE BOXe antens
commant. ALANT
commant coroar 4 4 9
comment top slumin =) 1 O
commant bottom aiumin
commant leagth ¥ 3 &
comment endod)
COMBGRE WOTS ARLOOA
coumant SLANY
ComBant cornar 3 3 8
comment top alumin -3 1 0
commant dotton slumia
coumsant langth 2-1 3
comsent sadodj -
COMMRNT IALLEY
LAY :
corer =3 0 9
deltan 6 0 )
top +y teflon
boteon -y eatlcn
ondob) i
COMNET TRINGS O PALLEY
<cormer 0 1 1)
top tofion 0 1 -}
boteoa alua
. length 3 2 2 o
eadod]
CONMAL wadge tO Solve triple polst
- eokwae 0 0 11
- tatw tallon 0 ) -}
leigth 2 1 3
suirfece -# tsltion
sutfdcn su talfloa
wicfete -y tetlom
»ictate sy cellca
surfece -t tollon -
eirface sz tation
eadobs
cormar ~1 ¢ 1)
face tofion 0 3 -1
loisgth 1 3 3
sutfece -u talloa
surlace i tellon
surfeds -y tallion
ourlsce sy tetliem
suilace -z talion




surxface +3 teflon

endodbj

comment sunshade

WEDGE

14 corner 3 0 1)

face teflon 0 1 -1
langth 1 3 2
surface -x teflon
surface +x teflon
surface -y teflon
surface +y teflon
suxface -2 teflon
surface ¢z teflon
endobi
NELGR
corner 0 0 12
face teflon -1 -1 0
length 1 1 1
surface -x teflon
suxface +» teflon
surface -y teflon
suzface +y teflon
surface -x teflon
suriace +3 teflpn

" andobi
cowmant §lsante caoaot be pleced ageinst auy Mun ¥
commant Teplaced with wedges
commant SLANY

. CoUmant cornar 1 -1 13
commmat top tefloa 1 -1 O

- commant bottom alum
‘conmsat length 1 11
comsant sadobj
CONNBRL cotwer 1 -1 13
colsinar tup teflon -1 -1 ¢

‘coumBat bottos alum
Comusnt Jeagth 1 1 1.
Combsat ms
"o

. cobwar 1 -! HH

T fetd teflon ) -1 O
langth 1 1 1
wirface -a watloa
ductace s vteflon
sueiecs ¢ teflon
sucface sy tefion
surlece =i teflos

. suetave o2 tallon

- chloby :
- Shrmer 1 <3 82

- tate telica <3 «1 &

- ledgts £ 13 '
sutfate -n tefloa
miriace s tallom

. ~ eurtate -y teflos
- surfats o5 tofloa
surface <z toflom
suriace 3 teflcn

eniiod j

[

cortwar 3 § 12 ‘
faie tellom 3 -1 0
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length 11 1

surface -x teflon
surface +x teflon
surface -y teflon
surface +y teflon
surface -z teflon
surface +z teflon
endobj

MARKTD 0 -1 12 top
MARKTS 1 -1 12 vop
MARKTE -1 -2 13 battom
‘MARKTS® 2 -2 12 bottoam
commant *tetese gy and sunsensor
ARCTAN

corney 3 -2 11
dalt~a 1 21

suzface -x tefion
sucface +x teflon
surface -y gold
surface +y silver
surface -~z teflon
sarface 3 teflon

RRCTAN
corner -3 -2 10
dslzas 5 3 2

surface -x teflon
sucace ox teflon
surface -y teflion
- surface oy teflon
surface -z saflon
surface +x tafion

sndoby

JACTAR

corner -3 -3 12
- deltss 3 1 1

surtace <x tstlon
surface o teflim
suriace -y ceflon
surtace »y teifloa
suilace ~x ctofiva
suetace oz teflon
andoby

coraar -3 <3 12
-Eate teflon O -1 }
“leegth 1 1 3
surlice -n teflon
surtace ox toflod
sutfiace -y vefloas
sutface sy telioa
sueface <t taflon
sivtace sz taflon

.‘i\l_ébj
cotner ~3 -3 10
deltas 1 1 2

suiface -u telioa
surface su tellom
wurface -y tetion
eurtace sy tellom
suslace -z tellom




surface +z teflon
endobj

WEDGE

corner ~2 -2 10

face teflon 0 -1 -1

length 1 1 1
surface -x teflon
surface +x teflon
surface -y teflon
surface +y teflon
surface -z teflon
surface +z teflon
endobj

WEDGE

corner -2 -2 10
face teflon 0 1 -1
length 1 1 1
surface -x teflon
surface +x teflon
surface -y tellon
surface +y teflon
surface -z teflon
surface +z teflon
endobj '

comment new bottom stuff

RECTAN

coxner 2 -3 2
deltas 11 2
surface -x apton
surface +x kapton
surface -y kapton
surface +y kapton
surface -z kapton
surface +z kapton
endobj

RECTAN

corner 2 -3 6
deltas 1 11
surface -x kapton
suxface +x kapton
surface -y kapton
surface +y kapton
surface ~z kapton
surfage +z kapton
sndobj

WRDGE

corner 3 -3 7
face teflon -1 0 1
length 1 1 1
surface -x kapton
suxface +x kapton
surface -y kapton
suxface +y kapton
surface -z kapton
surface +z Xapton
endobj

RECTAN

corner -3 -3 7
deltas 3 11
surface -i Lapton
surface «x kapton
surface -y kapton
surface +y kapton
surface -z kapton
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surface ¢z kapton
endobj

WEDGE

corner 0 -3 7
face teflon 1 0 1
length 1 11
surfaca -x kapton
surface +x kapton
surface -y kapton
surface +y kapton
suxface -z kapton
surface +z kapton
endobj

RECTAN

cornar 0 -3 S5
deltas 11 2
surface -x kapton
suxface +x kapton
surface -y kapton
surface +y kapton
surface -z kapton
surface +x kapton
endobj

ENDSAT

The orient standard input defines the mach vector. Here the spacecraft is moving at
mach 6.7.

orient Execution Standard Input Polar Orbiting Spacecraft-DMSP

vmach 6.7 0.0 0.0

The nterak execution was completed in nine steps. The standard input files are shown
below. The fifth standard input was used for the fifth through ninth continuation.

nterak Execution Standard Input Polar Orbiting Spacecraft-DMSP

DEFAULT
ISTART NEW
comment
comment Choose Physical Models to be used.
igical yes
sthwake on
aveprtcl on
thrasprd on
corment
comment Redefine Algorithm paramsters
maxitec 50
potcon 4
dviim 30.
maxitt 1
deltat .02
comaent Define Computational Grid
DXKESH 0.25
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NXADNT 17

NXADNB 18

NYADNT 13

NYADNB 14

NZADON 11

NZTAIL 45
comment define the plasmz environment

VHACH 0.0 0.0 6.7

RATIH 10.0

DENS 3.55e9

TEMP 0.2

DEN2 6.0E5

TEMP2 8.0E3

GAUCO 4.0ed

ENAUT 2.4E4

DELTA 1.684

POWCO 3.0E11

PALPHA 1.1

PCUTL 50.0

PCUTH 1.6E6
Comment solar arrays not biased in the dark
comment BIAS 2 4.6
comment BIAS 9.2
comment BIAS 13.7
comment BIAS 18.3
comment BIAS 22.8
comment BIAS 7 217.4
comment BIAS 32.0
commant Iterate on the analytical modules

what

PHASON

CHARGE

endrun

OV eN

nterak Continuation Fun Standard Input Polar Orbiting Spacecraft-DMSP

ISTART cont

comment Choose Physical Nodels to be used.
IGICAL no

comment Redefine Algorithm parameters
deltat .02

Comment physics modules
WHAT
LLOOP 5 PWASON CURREN CHARGE
endrun

‘nterak Second Continuaton Run Standard Input Polar Orbiting Spacecraft-DMSP

comment Redefins Algorithm parameters
maxitt 2
= d.lt‘t ¢05
comment physics modules
what
LOOP 10 PWASON CURREN CHARGE
endrun
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nterak Third Continuation Run Standard Input Polar Orbiting Spacecraft-DMSP

comment Redefine Algorithm parameters
deltcat .05
comment physics modules
what
LOOP 10 PWASON CURREN CHARGE
endrun

nterak Fourth Continuation Run Standard Input Polar Orbiting Spacecraft~-DMSP

comment Redefine Algorithm paramsters
deltat .1
comment physics modules
what
LOOP 10 EWASON CURREN CHARGE
endrun

nterak Fifth Continuation Run Standard Input Polar Orbiting Spacecraft-DMSP

comment Redefine Algorithm parameters
deltat .2 i
comment physics modules
what
LOOFP 10 PWASON CURREN CHARGE
endrun

trmtlk Execution Polar Orbiting Spacecraft-DMSP

The program trmtlk was used to examine the potentials reached and the time variation
of the surface potentials. A group of surface cells is defined for each of the materials. The
final potentials for each of the groups is requested. A history of the potential over time for
a selection of cells (including one at ground potential) is requested. The selection was
chosen to represent the range of potentials for each material. The single module is used to
examine the selected cells in more detail. The time history of potentials on selected
surfaces is shown in Figure 38.

Welcome tc POLAR 1.3 TRMTLK .

Any AID may be called from any MODULE

MODULES AIDS
AERSASEEEE N} [ EANENER]

HISTORY AGAIN

LATEST HELP

SINGLE LOCATION #

SPECIAL OUTLINE
SUBSET
EXIT

SUBSET [GROUP NAME)

Fnter any MODULE/AID naime or 'HELP' for lLelp -- subset npaint
DEFINITION OF NEW SUBSET NAMED NPAI
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683 REMAINING IN GROUP

SUBSET command please >> matl npaint
130 REMAINING IN GROUP

SUBSET command please >> normal -1 1 0
96 REMAINING IN GROUP

SUBSET command please >> done
GROUP NPAI WITH 96 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'

Enter any MODULE/AID name or 'HELP' for help >> subset npa2
DEFINITION OF NEW SUBSET NAMED NPA2
683 REMAINING IN GROUP

SUBSET command please >> compl npaint
587 REMAINING IN GROUP

SUBSET command please >> matl npaint
34 REMAINING IN GROUP

SUBSET command please >> done
GROUP NPA2 WITH 34 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'

Enter any MODULE/AID name or '‘HELP' for help >> subset gold
DEFINITION OF NEW SUBSET NAMED GOLD
683 REMAINING IN GROUP

SUBSET command please >> matl gold
9 REMAINING IN GROUP

SUBSET command please >> done
GROUP GOLD WITH 9 MEMBERS IS NOW DEFINED
RETURNING TO MODULE ‘MAIN'

Enter any MODULE/AID name or 'HELP' for help >> subset solar
DEFINITION OF NEW SUBSET NAMED SOLA
683 REMAINING IN GROUP

SUBSET command please >> matl solax
88 REMAINING IN GRQUP

SUBSET command please >> normal 1 -1 0
88 REMAINING IN GROUP

SUBSET command please >> done
GROUP SOLA WITH 88 MEMBERS IS NOW DEFINED
RETURNING TO MODULE ‘MAIN!

Enter any MODULE/AID name or 'HELP' for help >> subset cpaint
DEFINITION OF NEW SUBSET NAMED CPAI
683 REMAINING IN GROUP

SUBSET command please >> matl cpaint
36 REMAINING IN GROUP

SUBSET command please >> done
GROUP CPAI WITH 36 MEMBERS 1S NOW DEFINED
RETURNING TO MODULE ‘MAIN'

Enter any MODULE/AID name or 'HELP' for help >> subset teflon
DEFINITION OF NEW SUBSET NAMED TEFL
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683 REMAINING IN GROUP

SUBSET command please >> matl teflon
268 REMAINING IN GROUP

SUBSET command please >> done
GROUP TEFL WITH 268 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN!

Enter any MODULE/AID name or 'HELP' for help >> subset agquadg

DEFINITION OF NEW SUBSET NAMED AQUA
683 REMAINING IN GROUP

SURSET command please >> matl aguadg
4 REMAINING IN GROUP

SUBSET command please >> done
GROUP AQUA WITH 4 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'

Enter any MODULE/AID name or 'HELP' for help >> subset kapton

DEFINITION OF NEW SUBSET NAMED KAPT
683 REMAINING IN GROUP

SUBSET command please >> matl kapton
123 REMATINING IN GROUP

SUBSET command please >> done
GROUP KAPT WITH 123 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'MAIN'

Enter any MODULE/AID name or 'HELP' for help >> subset alum

DEFINITION OF NEW SUBSET NAMED ALUM
683 REMAINING IN GROUP'

SUBSET command please >> matl alua
16 REMAINING IN GROUP

SUBSET command please >> done
GROUP ALUM WITH 16 MEMBERS 1S NOW DEFINED
RETURNING TO MODULE ‘'MAIN'

Enter any MODULE/AID name or ‘'HELP' for help >> latest

LATEST command or MODE set >> magnitude
MODE RESET

LATEST command or MODE set »>> group npaint

POTL IN VOLTS FOR POLAR CYCLE 57 .., TIME = 1.41E+01 SEC

647-1.15E+00 659-2.01E+00 649-5.07E+01
511-9,53E+01 651-9.RRE+01 585-1.15E+02
661-1.44E+02 657-1.55E+02 4-1.68E+02
105-1.80E+02 99-1.98E+02 60-2,05E+02
6-2.36E+02 14-2,.43E+02 46-2.46E+02
109-3.12E+02  16-3.25B+02 52-3.43E+02
54-3.738+02 173-3.96K«02 22-4.31E+02
249-4.68E+02 257-4.70E+02 577-4.81E+02
20-5.01E+02 50-5.03B+02  34-5,05E+02
48-5,29E+02 325-5,39E+02 1RS5-5.44E+02
12-5.93E+02 333-5.97E+02 416-6.02E+02
36-6.24E+02 412-6.30E+02 44-6.31B+02
24-6.49E+02 261-6.53E+02 491-6,64E+02
337 -6,94E+02 422-7.0"E:02 655 7.09B402
643-7.61E+402 30-7.70E+02 32-8,01E+02
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8-5.
581-1.
633-1.
503-2.
663-2.
181-3.

40-4.
97-4.
28-5.
499-5.
64-6.
402-6.
631-6.
95-7.
575-8,

13E+01
18E+02
718+02
09E+02
S9E+02
53E+02
34E+02
82E+02
16E+02
56E+02
14E+02
35B+02
72E+02
20E+H2
15E+02

10-9
645-1
637-3

56-3

26-4
38-4

493-6

.02E+01
635-1.
JTTE+02
2-2,
.09E+02
.64B+02
H3E402
.BIE+02

18-5,
404-5,
.20E+02

42-6.
323-6.
111-7.
341-8.

13E+02

3J1E+02

27E+02
64E+02

38E+02
85E+02
578+02
1BE+02




247-8.18E+02
191-8.9%E+02
245-1.06E+03
675-1.18E+03
665-1.29E+03

LATEST command

POTL IN VOLTS
366-1.06E+00
286-1.44E+00
282-1.14E+02
279~3.14E+02
207-4.65E+02
351-4.88E+02
135-5.62E+02

LATEST
POTL IN VOLTS
5~2.32E+02
658-4.73E+02

LATEST command

POTL IN VOLTS
403 1.53E+00
63-1.16E+00
17-1.38E+00
626-1.56E+00
23-3.50E+00
9-1,37E+01
49-3.41E+01
668-1,22E+02
574-1.49E+02
41-1.88E+02
674-2.31E+02
415-2,90E+02
33-3.21E+02
646-3.57E+02
401-4.04E+02
662-4.20E+02
$9-4.93E+02
572-5.14E+02

LATEST command

POTL IN VOLTS
589-4.73E+02
514-4.73E+02
505-4.73E+02
423-4.73E+02
193-4.73E+02
123-4.73E+02
115-4.73E+02

65-4.73B+02

LATEST command

POTL IN VOLTS
616-5.71E-01
372-1.04E+00
157-1.35E+00
314-1.50E+00
234-1,78E+00
621-4.57E+00
386~6.42B+00
475-1.23E+01
241-2.95E+01

command

265-8.26E+02
669-9,.32E+02
667-1,06E+03
653-1.19E+03

0 0.00E+00

171-8.32E+02
671-1.00E+03
400-1.11E+03
641-1.20E+03

0 0.00E+00

or MODE set >> group npai

FOR POLAR CYCLE 57 ...

453-1.13E+00
291-2.04E+01
443-1.23E+02
440-3.19E+02
353-4.71E+02
356-4.95E+02
214-5.79E+02

451-1.38E+00
533-2.57E+01
442-1.44E+02
277-3.73E+02
147-4.82E+02
205-4.97E+02
139-6.12E+02

or MODE set >> group gold

FOR POLAR CYCLE 57 ...

53-3.07E+02

31-3.57E+02

TIME =

573~8.32E+02
321-1.04E+03
489-1.13E+03
571-1.20E+03

0 0.0GE+00

364-1.40E+00
445-3.29E+01
544~-1.81E+02
209-4.37E+02
275-4.84E+02
133-5.14E+02
142-7.49E+02

630-3.60E+02

617-4.73E+02 324-5.05E+02 180-5.06E+02

or MODE set >> group solar

FOR POLAR CYCLE 57 ...

570-8.26E-~01
488-1.21E+00
320-1.41E+00
168-1.72E+00
664-4.10E+00

47-1.70E+01
248-6.47E+01
672-1.25E+02
670-1.54E+02
666-2,02E+02
580-2.35E+02

21-2.97E+02
336-3.22E+02
632-3.67E+02

96-4.07E+02
636-4.34E+02

51-4.95E+02
694-5.27E+02

or MODE set >> group cpaint
FOR POLAR CYCLE 57 ..

586-4.73E+02
513-4.73E+02
504-4,73E+02
419-4.73E+02
192-4.73E+02
121-4,738+02
113-4.73E+02

0 0.00E+00

or MODE set >> group teflon
FOR POLAR CYCLE 57 .

305-9.45E-01
388-1.06E+00
313-1.35E+00
56R-1.53E+00
379-1.79E+00

93-4.66E+00
460-1.01B+01

57-1.34E+01
189-3.49E+01

244-1.09E+00
116-1.25E+00
37-1.52E+00
190-1.82E+00
264-7.25E+00
35-2.43E+01
332-9.02E+01
492-1.30E+02
104-1.59E+02
634-2.03E+02
502-2.37E+02
322-2 ,98E+02
260-3.36E+02
510-3.80E+02
246-4.09E+02
628-4,44B+02
584-4.96E+02

7-7.22B+02

519-4.73E+02
512-4.7)E+02
427-4.73E+02
417-4.73E+02
188-4.73E+02
120-4.73B+02
111-4,73E+02

0 0.00B+00

$55~1.03E+00
587-1.26E+00
299-1.38E+00
582~1.55B+00
622-1.97E+00
240-5.478+00
473-1.02B+01
197-1.44B+04
590-3.59E+01
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11-1,12E+00
399-1.26E+00
29-1.53E+00

3-2.60E+00

1-1.28E+01
340-2,.79E+01
43-1.13E+02
421-1,.36E+02
644-1,.61E+02
39-2.03E+02
55~2.58E+02
660-~3.02E+02
27-3,37E+02
184-3.84E+02
13-4.10E+02
650-4.47E4+ 0%
490-5.09E4 022

0 0.00E+00

517-4.73E+02
509-4.73E+02
425-4.73E+02
196-4,73E+02
186-4.73E+02
119-4,738+02
110-4.73E+02

0 0.00E+00

461-1.03E+00
309-1,28E+00
548-1.48E+00
567-1.68E+00
526-3.18E+00
554-6.0%E+00
471-1.07E+01
472-2.04E+01
480-3.68E+01

629-8.83E+02
169-1.05E+03
673-1.14E+03
627-1.22E+03

0 0.00E+00

TIME = 1.41E+(01 SEC

536-1.43E+00
542-6.84E+01
437-2.76E+02
211-4.62E+02
219-4.85E+02
137-5.61E+02

0 0.00E+00

1,41E+0] SEC

498-4,30E+02
0 0.00E+00

TIME = 1.41E+01 SEC

25-1.15E+00
13-1.26E+00
640-1.53E+00
652-3.50E+00Q
94-1.35E+01
98-3.10E+01
256-1.14E+02
411-1.37E+02
172~-1,80E+02
648-2.09E+02
576-2.66E+02
656-3.05E+02
108-3.47E+02
15-4.04E+02
45-4.15E+02
f42-4.64E+02
170-5.11E+02

0 0.00E+00

. TIME = 1.41E+(0] SEC

515-4.73E+02
507-4.73E+02
424-4.73E+02
194-4.73E+02
125-4.73E+02
118-4.73E+02
68-4.73E+02

0 0.00B+00

++ TIME = 1,41E+0]1 SEC

563~1.03E+00

91-1.30E+00
389-1.49E+00
267-1.78E+00
381-3.47E+00
263-6.19E+00
183-1.11E+01
106-2.70E+01}
374-5.36E+01




58-5.
384-8.
158-1.

66-1,

67-1.
343-1.
149-2.
187-2,
595-2.
274-2.
363-3.

93E+01
37E+01
18E+02
61E+02
77E+02
95E+02
06E+02
28BE+02
61E+02
83E+02
01E+02
506-3.16E+02
232-3.31E+02
428-3.62E+02
122-4,01E+02
625-4.20E+02
242-4.31E+02
338-4.63E+02
128-4.72E+02
344-4.84E+02
202+5.19E+02
315-5.34E+02
339-5.44E+02
159-5.56E+02
114-5.89E+02
126-6.02E+02
624-6.31E+02
236-6.46E+02
271-6.84E+02
163-7.00E+02
433-7.51E+02
418-8,12E+02
100-8.38E+02
392-8.62E+02
§79-8.77E+02
638-9.33E+02
103-1.03E+03
550-1.09E+03
558-1,14E+03
410-1.19E+03
562-1.)6E+03
560-1,59E+03
390-1.83E+03
195-2,38E+03
226-2.83E+02

LATEST
POTL IN VOLTS
329-4,73B+02

LATEST command

POTL IN VOLTS
54%-1.03E+00
539-1.10E+00
284-1,46E+00
599-1.24E+01
220-4.45E+01)
215-1,34E+02
145-1.99E+02
612-2,48E+¢02
465-2.758+02
2R1-3.05E+02
140-3.48E+02
23)-3,79E+02

command

269-5,
74-9.
70-1.

466-1

235-1.

516-1.

127-2.

482-2.

160-2

382-2

396-3

500-3.

183-3.

199-3.

430-4.

204-4

266-4.

345-4

221-4

494-4.

593-5.

270-5.

162-5.

477-5

478-5,

129-6.

273-6.

272-6

467-6

623-7

317-7.

556-8.

33i-8.

474-8

479-8,

497-9

420-1.

301-1.

501-1.

350-1,

102-1.

1501,

256-1.

223-2.

561-2.

or MODE set >> group aguadg
FOR POLAR CYCLE 57 .

94E+01
35E+01
18E+02

.63E+02

79E+02
97E+02
11E+02
41E+02

.78E+02
LOLE+02
.07E+02

16E+02
32E+02
71E+02
05E+02

L21E+02

33E+02

.66E+02
.73E+02

85E+02
19E+02
3IS5E+02
45E+02

.60E+02

95E+02
05E+02
33E+02

.60E+02
.88E+(02
.01E+02

$3E+02
17E+02
49E+02

.65E+02

94E+02

+43E+02

04E+03
11E+03
15E+03
20E+03
37E+03
65E+03
REE+0)
39E+0)
87E+0)

165-6.46E+01
541-9.44E+01

61-1.26E+02
164-1.68E+02
107-1.79E+02
408-2.01E+02
251-2,18E+02
203-2.45E+02

71-2.78E+02
312-2.94E+02
319-3.07E+02
124-3.20E+02
434-3.39E+02
201-3.82E+02

72-4.10E+02
195-4.22E+02
398-4.56E+02
237-4.68E+02
330-4.73E+02
413-5.01E+02
243-5.24E+02
334-5.37E+02
470~5.45E+02
583-5.68E+02
179-5.98E+02
293-6.13E+02
342-6.40E+02
496-6.60E+02
485-6.97E+02
463-7.35E+02
409-7.74E+02
393-8.18E+02
259-8,50E+02
230-8.69E+02
484-9.02E+02
414-9.71B+02
639-1.05E+02
335~1.11E+0}
175-1.15E+03
349-1.21E+03
307~1.41E+03
294-1.66E+03
$59-1,89E+03
194-2.4)E+0)
225-3.37E+03

90-6.93E+01
69-9.73E+01
92-1.33E+02
588-1.75E+02
524-1.81E+02
161-2,.05E+02
112-2.23E+02
566-2.60E+02
73-2.79E+02
521-2,95E+02
308-3.11E+02
262-3,23E+02
578-3.48E+02
176-3.93E+02
200-4.17E+02
228-4.27E+02
518-4.58E+02
131-4.69E+02
238-4.74E202
326-5.03E+02
346-5.24E+02
178-5,39E+02
166-5.50E+02
407-5.71E+02
391-5.98E+02
132-6.14E+02
130-6.41E+02
458-6.76E+02
520-6.98E+02
564-7.38E+02
239-7.838+02
369-8.19E+02
426-8,558+02
371-8.73E+02
618-9.11E+02
630-1.01E+03
306-1.06E+03
553-1.13B+03
435-1.15E+03
152-1,32E+03
311-1.43E+0)
385-1.78E+03
614-1.97B+C)
154-2.68E+0}

0 0.00E+00

328-4.73E¢02 253-4.738002 252-4.73E402

or NODE set >»> group kapton
FOR POLAR CYCLE 57

543-1.
534-1.
529-1.

80-1.
148-5.
610-1.
549-2.
$96-2.
469-2.

8l1-3.
138-3.

85-1.

04E+00
SS5E00
S5E«00
44E+01
40E+01
66E+02
11802
49E+02
17802
09E+02
S4E+02
RIEeQ2

373-1.072+00
89-1.328+00
$31-1.57E400
88-1.53E+01
462-7.37E+01
455-1. 7B+ 02
606-2.10E«02
2R7-2.52E+02
464-2 . RIE+02
206-3. 1BE~02
144-3.56E402
75-4.06E+02

252

613-1.07E+00
2R5-1,41E+00
450-).238+00
443-2,.76B+01
289-1.01B+02
607-1.77E+02
156-2.44E402

R3-2.4%58+02

79:2.95E02
J15-31,.23E+02
$30-3.64E+02
438-4.12E+02

62-7.39E+01
177-1.09E+02
327-1.51E+02
431-1.75E+02
569~1.84E+02
231-2.05E+02
198-2.23E+02
182-2.61E+02
525-2.81E+02
592-3.01E+02
254-3.15E+02
591-3.29E+02
527-3.58E+02
522-3.93E+02
167-4.178+02
594-4.30E+02
565-4.61E+02
495-4.69E+02
258-4.81E+02
487-5.16E+02
405-5.31E+02
429-5.43E+02
268-5.51E+02
432-5.77E+02
318-6.02E+02
255-6.24E+02
406-6.44E+02
348-6.79E+02
347- 6.98BE+02
174-7.41E+02
250-7.87E+02
233-8.23E+02
380~-8.56E+02
481-8.748+02
316-9.18E+02
304-1.02E+03
483-1.078+03
557-1.14E+03
310-1.168+03
101-1.34E+03
615-1.56E+03
508-1.B3E+03
298-2,12E+0)
155-2,718+03

0 0.00E+00

. TIME r 1.41E+01 SEC

0 0.00E+00

oo TIME = 1.41B+01 SEC

5317-1.10E+00
547- 1, 46E+(O
86-4.29E.00
A4-3.51E01
292-1,22€+02
210-1 . R3E+02
76-2.46E+02
608-2 GRE+D2
77-3.03E+02
376 :3.298+02
136-).71E+02
143-4.30E+02




216-4.37E+02 278-4.58E+02 459-4.73E+02 280-4.96E+02 532-5.06E+02
535-5.12E+02 290-5.37E+02 276-5.40E+02 448-5.43E+02 370-5.54E+02
134-5.64E+02 609-5.81E+02 303-6.07E+02 604-6.17E+02 528-6.17E+02
377-6.26E+02 288-6.27E+02 552-6.37E+02 546-6.48E+02 360-6.62E+02
* 457-7.27B+02 300-7.55E+02 523-7.62E+02 436-7.66E+02 358-7.72E+02
213-7.74E+02 600-7.84E+02 597-7.85E+02 146-7.85E+02 368-7.86E+02
218-7.89E+02 454-8.20E+02 598-8.26E+02 603-8.26E+02 540-8.40E+02
§51-8.40E+02 468-8.52E+02 302-8.60E+02 538-8.67E+02 439-8.75E+02
602-8.86E+02 229-9.10E+02 355-9.36E+02 378-9.48E+02 141-9.48E+{2
456-9.51E+02 362-9.63E+02 447-1.13E+03 444-1.15B+03 367-1.16E+03
- 227-1.21E+03 151-1.22E+03 354-1.26E+03 352-1.26E+03 359-1.27E+03
357-1.27E+03 361-1.29E+03 365-1.43E+03 297-1.49E+03 295-1.66E+03
153-1.94E+03 222-2.22E+03 22¢-2.80E+03 0 0.00E+00 0 0.00E+00

LATEST command or MODE set >> group alus

POTL IN VOLTS FOR POLAR CYCLE 57 ... TIME = 1.41E+01 SEC
611-4.73E+02 605-4.73B+02 601-4.73E+02 486-4.73E+02 4’6-4.73E+02
452-4.73B+02 446-4.73B+02 441-4.73E+02 397-4.73E+02 387-4.73E+02
217-4.73E+02 212-4.738+02 208-4.73E+02 87-4.73IE+02 82-4.73E+02
78-4.73E+02 0 0.00E+00 0 0.00E+QC 0 0.00E+00 0 0.00E+00

LATEST command or MODE set >> single

SINGLE command or NODE get >> sverything
MODE RESEBT

SINGLE command or MODE set >> 647

----------------------------------------------------------------------

SURFACE NO. 647 CSNT&RED AT 10.50 8.50 15 S0
MATERIAL IS NPAI NORMAL IS =1 1 0
SHAPE 1S RECTANGLE SURFACE AREA = §.H)88E-02 M**2

POTENTIAL = -1.1513E+Q0 VOLTS

UNDERLYING CONDUCTOR NUMBER IS 1

UNDERLYING CONDUCTOR POTENTIAL = -4.7339E+02 VOLTS

DELTA V = J}.5868E«02 VOLTS

INTERNAL FIELD STRESS = 2.8694B+06 VOLTS/NETER

EXTERNAL ELECTRIC FIELD = 6.)047E+«03 VOLTS/METER
PLUXES IN AMPS/METER®*2

INCIDENT ELECTRONS ~1.59728-05
RESULTING SECONDARIES 3.86)0E-06
RESULTING BACKSCATTER 1.7071)8-06

INCIDENT IONS . 1.1771£-05
RESULTING SECONDARIES 1.0095E-08

BULK CONDUTIVITY 1.692%€-07

HOPPING CURRENT 0.0000E«00

PHOTOCURRENT 0. 0000&000

TOTAL FLUX THROUGH SURFACE 1. 37905-05

SINGLE command or NODE sec >> 668

B L L T T L T B B R R N P L ) PR e

* "~ SURPACE NO. €65  CENTERED AT 7.50 5.50 17.50
- HATERIAL IS NPAX NOHMAL 18§ -1 1 0
SHAPE 1S RECTANGLE SURFACE AREA = B8.85)BUE-02 M**2

POTENTIAL : -1_28908¢03 VOLTS
.- : ' . UNDERLYING CONDUCTOR NUNBER 1S |

' UNDERLYING CONDUCTOR POTENTIAL : -3.73J9E«02 VOLTS
DELTA ¢ s =R, 1957802 VOLTS
INTERNAL PIELD STRESS = -6.5249E.06 VOLTS/NETER
EXTERNAL ELECTRIC PIELD = -1.6220E+04 VOLTS/METER

FLUXES IN ANPS/NETER®*2
INCIDENT ELECTRONS -1.4%66€-05
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RESULTING SECONDARIES 2.9852E-06

RESULTING BACKSCATTER 1.5132E-06
INCIDENT IONS 6.4632E-06

RESULTING SECCNDARIES 7.6054E-07
BULK CONDUCTIVITY -1.849%e-07
HOPPING CURRENT 0.0000E+00
PHOTOCURRENT 0.0000E+00

------------

TOTAL FLUX THROUGH SURFACE -2.8438E-06

SINGLE command or MODE set >> 403

S = - T T T A S TR e N N S Y e W AR T R W R e M ey W e v e W T TE T R UE N G A e W W W W AR

SURFACE NO. 403 CENTERED AT 9.50 7.50 11.50
MATERIAL IS SOLA NORMAL 1S 1 -1 0
SHAPE IS RECTANGLE SURFACE AREA = 8.8388B-02 M**2

POTENTIAL = 1.%329E+00 VOLTS

tNDERLYING CONDUCTOR NUMBER IS 1

UNDERLYING CONDUCTOR POTENTIAL = -4.7319B+02 VOLTS

DELTA V = $5.0628E+02 VOLTS

INTERNAL FIELD STRESS = 1.131)E¢06 VOLTS/METER

EXTERNAL ELECTRIC FIELD = 4,.7899E+0) VOLTS/METER
FLUKES IN AMPS/METER®*2

- INCIDENT ELECTRONS =1.58208-05
RESULTING SECONDARIES 1.9728E-06
RESULTING BACKSCATTER 2.756%E6-06

INCIDENT IONS 9.9818E-06
RESULTING SECONDARIES 1.0269E-08

BULK CONDUCTIVITY 6.67%50E-08

ROPPING CURRENT 9.0000E+00

PHOTOCURRENT 0.0000E+00

TOTAL wa THROUGH smnct;, ’ 4.93368-07
SINGLE copmand or HODE set >» 7

A R ARNAMNEANEES Il AN T RN A E R R EER P ARNEEAYE RO R LAY U E R B UGN U A AN T R A R T LEE 2

SURFACE NO. ? CENTERED AT 10.50 8.%0 2 50
RATERIAL IS S0LA ’ C NORMAL 1S Yy -1 0

SHAPE 15 RECTANGLE , SURFACE AREA « §.8)888-02 H**2

POTENTIAL » -?,2236E+02 VOUTS
. DNDERLYING CONDUCTOR NUWBER IS 1
| UNDERLYING CONDUCTOR POTENTIAL « -4, 72398402 VOLES
DELTA V= =4.9052E+02 VOLYS
SHTERNAL PIELD STRESS  » =1 .0961Es06 VOLTS/NETER
EXTERMAL ELECTRIC PIELD + -1,06588204 VOLTS/METER
PLUXES IN AMPS/METER"*2

INCIDEMT BLECTRONS =1 .SBIJEnOS
RESULTING SROORDANIES 2.9540L-06
RESULTING BACKSCATTER 2.57815-08

INCIDENT IOHS ) 7 .BER0E-06
RESULTING SECONDARIES TAL9PDE-O

BULK CONDUCTIVITY =6 . 4572E-08

NOPPING CURRENT G.0000E00

FHOTOCURRENT 0. COUUE«00

e ERED BAM AR

L TOTAL FLUX THROWH SURFACE 1. 4200806
SINGLE command or NOUE set »» -ﬂ-d

NANBADB AN MLBMIP SN ANX B2 XTI T2 ITIRNMBSRBRNBabuL 23 SAVARIL LD ANCRAMFRED TS AT UM SN

SURFACE NO. él6 ) CENTERED AY 7.3 23.67 11.080
NATERIAL I3 TEPL . . NORNAL I3 9 0 1
SHAPE 1S RIANT TRIANGLE SURFACE AREA = 3.13508-02 N**2




SURFACE NO.
MATERIAL XS TEFL
SHAPE IS SQUARE

MATERIAL 1S Kapr
| GHAPE 135 RECTANGL

POTENTIAL

DELTA V

PLUXES IN AMPS/METER**2

INCIDENT ELECTRONS
RESULTING SECONDARIES
RESULTING BACKSCATTER

INCIDENT IONS
RESULTING SECONDARIES

BULK CONDUCTIVITY

HOPPING CURRENT

PHOTOCURRENT

TOTAL FLUX THROUGH SURFACE

SINGLE connand or uoaa set »> 238

P Ry N T R -mwe.- L R L TS Y L L Y TR R S S LR PR T Y

Cmﬁﬂ AT

225 ’

POTENTIAL

UNDERLVING CONDUCTOR POTENTIAL = -4.7339E«02 VOLTS -
3 ~2.90088+0) VOLTS '

DELTA V

= -5,7084E-01 VOLTS
UNDERLYING CONDUCTOR NUMBER IS
UNDERLYING CONDUCTOR POTENTIAL =

1
-4.7339E+02 VOLTS

4.7282B+02 VOLTS
INTERNAL FIELD STRESS
EXTERNAL ELECTRIC PIELD

ORMAL XS

SURFACE AREA =

1.48928+06 VOLTS/METER
5.0770E+04 VOLTS/METER

.8100E-05
.6153E~06
.1799E-06
-1113E-05
.0000E+00
- 7862E-08
.0000E+00
.0000E+00

. 80788-06

6.50 23.00
9 =1 0
6.2500E-02 N*~2

8.5%0

=1.3740E+03 VOLTS
UNDERLYING CONDUCTOR MUMBER IS 1

INTERRAL FIELD STRESS
EXTERNAL BLECTRIC FIBLD = -).4)10B+04 VOLTS/METER

FLUXES IN AMPS/METER®*2

INCIDENT ELECTRONS
RESULTING SECONDARIES
RESULYING BACKSCATTER

- INCIDENT YONS ,
RESULTING SECONDARIES -

BULK  CONDUCTIVITY
HOPPING CURRENT

- SINGLE commind of WODE st »» S48
xﬁi&zl‘ﬁniu\l‘xllxB‘uH8“8"1:_1‘3&stlx‘-llu-ﬁ"l‘:xl:i;xLilt\b‘ﬁ»ﬁt\bﬂﬂlubﬂllll

CENTERED AT -

4%

@ =9.1)58E+06 VOLTS/NETER

=1.)0828-0%
2.2023E-06
C1.72158-94
2. 5710E-08

6.5002€-0¢ -
«5.)301k-07 .

0.0000E30 - -
0.00008:00

ARTARELAW D NR A

=$.85108-96

HOMGL 18

SURPACE ANEBA =

%99 20.50 12.80
1 8 1 A
6 NIERE-02 WYVZ

POYENTIAL = =1.0130E+00 \oLTS
UNDESLYTHG COMDUCTOR IEBBER IS 1

UNDERLY MG CURDUCTOR POTENTIAL =

*

" DRLTR V

EXTRRNAL ELECTRIC PIELD =
SLUXES IM AMPS/METER®*S |

IHCIDERT ELECTRONS
RESULTING SECOMDARIERS
RESULTING BAURECATTER

INCIDENT IGNS
RESULTING SECONDARIES

BULE CoNDbCTIVITY

HOPPING CURNENT

-4, T3PV VOLTS

4. 7235802 voOLTS
INTERNAL nwz SYRESS

*

1. 48TTR3H WATS/NETER
. 6. BITIB03 VOLTS/METER

+1,60848-0%
2.19898-08
1.70713€-06
1.59%%£-0%
1.53)ek:-02
§.77T68-08
6. 000HRs0P
0. \U800RsC

MM ABI RSB D
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TOTAL PLUX THROUGH SURFACE 3.)886E-06

SINGLE cuomand or MODE set >> 234

e e W W ST M W R S W W W M W M e A P S P A PR S T T W T T W A S M W e S = - -

SURFACE NO. 224 CENTERED AT 6.50 22.00 8.50
MATERIAL IS KAPT NORMAL 1S ¢ 1 o
SHAPE IS SQUARE SURFACE AREA = 6.2500B-02 M*+2

POTENTIAL = -2.7976E+03 VOLTS

UNDERLYING CONDUCTOR NUMBER IS )

UNDERLYING CONDUCTOR POTENTIAL = -4.7339E¢02 VOLTS

DELTA V = ~2.3242E+0) VOLTS

INTERNAL FXELD STRESS = -7.3204E+06 VOLTS/METSR

EXTERNAL ELECTRIC FIELD = -1.9908E+04 VOLTS/METER
PLUXES IN AMPS/METER®*Q

INCIDENT ELECTRONS =1.3479E~0S
RESULTING SECONDARXES 1.2697E-06
RESULTING BACKSCATTER 1.37838-06

INCIDENT IONS. 1. 4794886
RESULTING SECONDARIES 7.9595E-07

BULK CONDIKTIVITY T «4.3190E-07

HOPPING CURRENT . 0.0000E+00

PHOTOCURRENT 0.0000B+00

TOTAL FLUX THROUGR SURFACE =6.59$28306
SINGLE command or HODE set »>. hhtuy
RISTORY command ox NODE set »» =1,647,663,403,7

POTL in Volts
TINE =1 837 - 669 493 T
AN AN R YT AR R TN RN RN U A MR EEE 2SN TUITANESNIRREEEIATCRTIRERANLET

H 3] E F (2 (L} *S 1 K )
. 0800t <1, 03E=00~1.03E+00-1 . 03E+00=1 ,938+02-1 . QIR0D S '
2.08=02: =%, 64BsD1-6. 096+01-5 644016, 048+01-6, 0482
4, Q=02 =1, 1582021, 2085021, 1580 02=1 . 208202-7, 88802

© GoUB=0Z:x1 TIESD2=1 ., TYBaH2-1 . TINCOD1  TERO2:), 12002
B.98=02: -2 JIRa03-2 IEEA02-2. 180022, ITR2D2-1 . 458202
1.08-00:42. 088022 97E02-2 . £8002~2, 918021 . 9802
§.28-01: =3 26E+82-3,51Ke02:3, 378:02:). 33B+021 . T5£+62

©2.2B-00: =9, JAEa02-0  1REn02-4, 1980023 . 78R 031 68202
3.26-00: 2 6Ba02 =4, SO0E«074. w023 970241 . IK003
$.28-0): <4 . TAE03224 . F4R=0 22 BRE 0T =3, 97E+DF<1 . S5ReD2
$. 200 v @ BEE*02=4, FIRs02:4 , 2086023 TIR$2 1. 55802
$.38-01: < 6SE292-3 S48=02:5.398E»02=-3. 676324} . 45iis02
7 2E-01: =4 SOReOZ-8 5820V, 2180023 . T98s02-1 . 528202
% 28-00:=d I9ReL2:-% JLE202.%_ IQE#02=3 218:92-3. 4¥8+61
9. 3061 -8 OG0 O2ExG2-9. 2985023 OSRs02:6. 1920
1 OReBh:=d 20845224 FAE=92:5. 248021 . 0YE202:1 . 92800
1. 0609, <0 S6E«02~4. D7E502+5 SUEOZ-2 438021 . 658s0C
A B0 A IOWOT=4. ZOEC VDS  SVEeBE=2_TIW202-1 458231
1.38000: <4 SORe02:3. 9264635 WE02:2  JOE+0Z=7. NB=T
1.4ReGY: < . ASEn02-0 2353025 . PVEe02: 2. T 0T =3 . VIEsD)
l.5&:@@:=I.i§ﬁk©2=i.§§§-®2u6;Zi&»ﬂ2=i.§@&na§‘i.&0&)0!
1 GRS 4. STRe02-3 . 6EnT2+€. JI® 0342, 6262038 TTED
1 TEe00: <3 . TREs 02X 2R 02-6 . BOR+0F-2. 185 02-7 ., GEE«D]
V.3Rs00: -4 S8R UL<d. IR0 26 GOENDD-2 . 43803896804
L. 9EeDD- <4 SIR+0Z-3 2%E=02:6. 9269022 . 01840359, 378401
2. 0E800: <4 VSEsDZ 4. IREsT2:6 AR 02:2 . 3862021, 228002
2. 180T <. PIRVE= 3 PORNTT-T . JVE00Z - 1 W8 01 . 2%5E6 02
2. 5€eC0: =A . TPEe0=3. SIK207- 7 J68v02-2 268521 . SOE 02
T $ESDU: 9. 0PE02 -4, CHEHG2-T RIB+02= 1. ASE+02 <1 . BIES0Y




1.18«01

9

R U

4;*&w¥_
[ & )

3.3B+C0C:

3.78+00:

4.1E+00:

4.5E+00:
- 4.9E+00:
S.3E+00:
5.7E«00:
6.1E+00:
6.58+00:
6.9E+00:
7.38+08:
7.78+06:
8.18+00:
8.58«00:
8.9E+L0:
9.3E+Q0:
9.78+00:
1.0B+Q1:
1.18+01:

'
L iTH

-4.
-3.
-4.
~5.
.78E+02~3.
-g.
-4.
-4
-4.

-4

-4

-4
-4
-4

-4.

-4

-4,

=4
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0.0E+00:-1.
2.0E-02:-5.
4.0E-02:-1,
6.0E-02:-1.
8.0E-02:-2.
1.0E-01:-2,
1.2E-01:-2.
2.2E-01:-2.
3.2E-01:-2.
4.2E-01:-1.
5.2E-01:-1.
6.2E-01:-8.
7.2E-01:-3.
8.2E-01:-5.
9.2E-01:-2.
1.0E+00:-1.
1.1E400:-1.
1.2E+00:-1.
1.3E+00:-1.
1.4E+00:-1.
1.5E+00:-1.
1.6E+00:-1,
1.7E+00:-1.
1.8E+00:-1.
1.9E+00:-1.
2.0E+00:-1.
2.1E+00:-1.
2.5E+00:-1.
2.9E+00:-1.
3.3E+00:-1.
3.7E+00:-1.
4.1E+00:-1.
4.5E+00:-1.
4.9E+00:-1.
5.3E+00:-1.
5.7E+00:-1.
6.1E+00:-1.
6.5E+00:-1.
5.9E+00:-1.
7.3E+400:-1.
?7.7E+00:-1.
é.1E+00: -1,
8.SE+00:-1.
8.9E+00:-1.
9.3E+00:-1.
9.7E+00:-1.
1.0E+01: -1,
1.1E+01:-1,
1.1E+01:-1.
1.1E+01:-1.
1.2E+01:-1.
1.2E+01:-5,
1.3E+01:-8.
1.3E+01:-7.
1.38+01:-6.
1.4E+01:-6.
1.4E+01:-5.

0.00E+004..
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#1

03E+00-1.
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15E+02-1.
68E+02-1,
14E+02-2.
S2E+02-2.
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75E+02-4.
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54E+01-6.
81E+00-7.
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26E+00-1.
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18E+00-1.
17E+00-1.
13E+00-1.
12E+00-1.
10E+00-1.
08E+00-1.
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06E+00~1.
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71E-01-3.
POTL versus TIME in Seconds
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HISTORY command or MODE set >> exit

shontl Interactive Session Polar Orbiting Spacecraft-DMSP

The program shontl was used to create Figures 39. Note that the sheath potential is
-0.40393.

[*POLAR 1.3 PLOTTER(SHONTL)*]
IBIAGS()) defaulted to 1
BIAGS(3) = 0 >> no magnetic limiting in electron pregheath
BIAGS(3) » 0 >> FLX = (0.1 + 0.9*Area(DOT)B} * Fnorm
ee nterak/chkprt. £
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NUMDUB= 95 NUMAXG= 100
+++COMPUTATION SPACE+++
THE OBJECT(S) APFEAR TO LIE BETWEEN Z = 1 18
THE COMP GRID WILL BE SHIFTED BY ONE UNIT IN THE X OR Y DIRECTIONS

EVERY IDELX OR IDELY UNITS OF 2
IDELN = 200 IDELY = 200

SO THE COMP GRID NOW HAS THE FOLLOWING FEATURES:
THE X AND Y GRID GKOWTH REQUIRED TO FIT THE OBJECT GRID IN THE DISPLACED
COMP GRID 1IS:

NXGRTH = 0 NYGRTH = o .
CONSIDERING THE ADD-ONS THE NEW COMP GRID DIMENSIONS ARE:
NX = 50 NY = 59 NZ = 75

WELCOME TO THE KEYWORD INPUT PORTION OF SHONTL. IF YOU NEFD
HELP, TYPE (HELP). AND IF YOU WANT TO LEAVE THIS PROGRAM TYPE (ESC).

SHONTL command >> plots on
plots on
SHONTL command >> levels add -.40393
levels add -.40393

1 USER SELECTED CONTOUR LEVELS:

-4.04E-01

SHONTL command >> levels mark -.40393 s
levels mark ~.40393 s
SHONTL command >> pot x

pot x
ZCLEVS, MIN= -1.34E+03 MAX= 2.00E-03 LEVELS = 10
CONTOURS ARE:
-1.40008+03 ~1,2000E+03 -1.0000E+03 ~8.0000E+02
~6.0000E+02 -4.0000E+02 ~2.0000E+02 -4.0393B-01
-2.0000E-01 ~2.0000E-02

SHONTL command >> pot ¥

pot y
ZCLEVS, MIN= -8.89E+02 MAX= 1.04E-03 LEVELS = 8
CONTOURS ARE:
-1.0000E+03 ~8.0000E+02 -6.0000E+02 -4.0000E+02

- -2.0000E+02 -4.0393E-01 -2.0000E-01 -2.0000E-02

SHONTL command >> pot z

pot z -
ZCLEVS, MIN= -1.41E+03 MAX= 1,71E-03 LEVELS = 11
CONTOURS ARE:
-1.6000E+03 -1.4000E+03 -1.2000E+03 -1.0000E+03
-8.0000E+02 -6,0000B+02 ~4.0000E+02 -2.0000E+02
-4.0393E-01 ~2.0000E-01 -2.0000E-02

SHONTL command >> exit

exit

{*EXIT POLAR PLOTTER, SHONTL*}

260




C.10 A Multibody Problem-EMU Near the Shuttle

Execution of suchgr (fort.3) A Muitibody Problem—Shuttle

The computer code suchgr was used to determine the clectron current collected by the
shuttle orbiter.

Welcome to SUCHGR 1.3
Default material is TILE
Default environment is DMSP
SUCHGR command >> VEND -2625

SUCHGR command >> TABLE IV

Fluxes(A/w**2) as functions of Surface Voltage(eV)

0.00E+00 ~-1.29E-04 -1.36E-04 4.26E-06 2.18E-06 8.93E-07 0.GOE+00
~1.25E+02 5.57E-04 -1.56E-05 3.83E-06 2.13E-06 5.5€E-04 1.04E-05
-2.50E+02 1.13E-03 -1.54E-05 3.73E-06 2.10E-06 1.11E-03 2.93E-05
~3.75E+02 1.71E-03 -1.53E-05 3.66E-06 2.0BE-06 1.67E-03 5.38E-05
-5.00E+02 2.31E-03 -1.52E-05 3.61E-06 2.05E-06 2.22E-03 9.31E-05
~-6.25E+02 2.97E-03 -1.51E-05 3.957E-06 2.04E-06 2.78E-03 2.04E-04
-7.50E+4+02 3.68E-03 -1.50E-05 3.53E-06 2.02E-06 3.33E-03 3.57E-04
-8.75E+02 4.43E-03 -1.49E-05 3.49E-06 2.00E-06 3.89E-03 5.48E-04
-1.00E+03 5.21E~-03 -1.48E-05 3.46E-06 1.98E-06 4.45g-03 7.75E-04
~1.12E+03 6.02E-03 -1.47E-05 3.43E-06 1,97E-06 5.00E-03 1.03E-03
-1.25E+03 6.87E-03 -1.46E-05 3.40E-06 1.95E-06 5.56E-03 1.32E-03
-1.38E+03 7.74E-03 -1.45E-05 3.38E-06 1,94E-06 6.11E-03 1.64E-03
~-1.50E+03 8.64E-03 -1.44E-05 3.35E-06 1.92E-06 6.67E-03 1.98E-03
-1.62E+03 9.56E-03 -1.43E-05 3.33E-06 1.91E-06 7.22E-03 2.34E-03
~-1.75E+03 1.05E-02 -1.42E-05 3.30E-06 1.B9E-06 7.78E-03 2.73E-03
~1.88E+03 1.15E-02 -1.41E-05 3.28E-06 1.88E-06 8.33E-03 3.14E-03
-2.00E+03 1.25E-02 -1.40E-05 3.26E-06 1.86E-06 8.89E-03 3.57E-03
-2.12E+03 1.35E-02 -1.39E-05 3.23E-06 1.85E-06 9.45E-03 4.02E-03
-2.25E+03 1.45E~-02 -1.38E-05 3.21E-06 1.84E-06 1.00E-02 4.49E-03
-2.38E+03 1.55E-02 -1.38E-05 3.19E-06 1.82E-06 1.06E-02 4.98E-03
-2.50E+03 1.66E-02 -1,.37E~05 3.17E-06 1.81E-06 1.1lE-02 5.48E-03

SUCHGR c¢ommand >> EXIT

To determine the ion current to the shuttle orbitor, vehicl and nterak were used. A
rough shuttle model of the appropriate size and shape was created. The standard input and
object defintion files are given for the vehicl execution.

Standard Input For vehicl Execution A Multibody Problem—Shuttle

nxyz 11 13 5
matplots yes
makeplot 2
plotdir 2 3 5
plotdir -2 -3 -5
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end

Object Definition File A Multibody Problem—Shuttle

comment This is a crude shuttle model with apprnximately the correct
comment surface area.
comment There is a small patch of teflon to model the ENU
commenrt White sputtered tile material
offset 0 0 0
tile
2 0.01 le-16 7 1.6 0.6 45.4 0.4
200 1.62 0.455 140 2e-5 1lel6 15 16
17 18 19 20
rectan
corner 222
deltas 8 2 2
surface +x tile
surface -x tile
surface +y tile
gsurface -y tile
surface +z tile
surface -z tile
andobj
rectan
corner 4 4 2
deltas 4 6 z
surface +x tile
surface -x tile
surface +z tile
surface -z tile
endobj
wedge
cormer 4 4 2
face tile -1 1 0
length 2 2 2
surface +z tile
surface -z tile
endobj
weadge
corner 8 4 2
face tile 1 1 0
length 2 2 2
surface +z tile
surface =z tile

. endobj
wedge
corner 6 10 2
face tile -1 1 0 -
length 2 2 2
surface +z tile
surface -z tile
endobj
wedge
corner 6 10 2
face tile 1 1 0
length 2 2 2
surface +z tile
surface -z tile
endobj
patchr
corner 6 8 3
deltas 1 1 1




surface +z teflon
endobj
endsgat

Execution of nterak A Multibody Problem—Shuttle

The computer code nterak was used to evaluate the charging and current collected for
several different potentials. The standard input file for the -1 kV case is shown here.

DEFAULT
ISTART NEW
compent
comment Choose Physical Models to bs used.
igical yes
sthwake on
aveprtcl on
thraosprd on
comment
comment Redefine Algorithm paramsters
maxite 50
potcon 4
comment Define Computational Grid
DXMESH 3.5
NXADNT
NXADNB
NYADNT
NYADNB
NZADON
NZTAIL 12
comment define the plasmz environment
VMACH 0.0 0.0 8.0
RATIR 10.0
DENG 1lel0
TEMP 0.2
DEN2 6.0K5
TENP2 8.0E3
GAUCO 4,004
ENAUT 2.4E4
DELTA 1.6E4
POWCO 3.0R11
PALPHA 1.1
PCUTL 50.0
FPCUTH 1.6E6
comment set conductor potential
cowpv 1 -1000
comment Iterate on the analytical modules
LOOP 4 PWASON CURREN
endrun

[ N

To examine the charging of the EMU, we use the POLAR codes. We use suchgr to
estimate the charging of each of the materials under orbit-limited collection. (The
runstream shown here was executed after the environment was defined using nterak.)

The suchgr Execution Runstream A Multibody Problem—EMU

Welcome to SUCHGR 1.3
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Default material is BTSP
Default environment is DMSP

SUCHGR command >> material teflon
Material is changed to TEFL

SUCHGR command >> charge

Charged under Orbit Limited Regime

Initial
Surface Potential 0.0000E+00
Conductor Potential 0.0000E+00
Flux Breakdown:
Incident Electron Flux ~1.7098E-05
Electron Secondary Flux 3.9940E-06
Backscattered Electron Flux 2.1803E~06
Incident Ion Flux 9.3163E-09
Ion Secondary Flux 4.3398E-11
Photo Flux 0.0000E+00
Conduction Flux 0.0000E+00
Total Flux ~1.0914E-05
SUCHGR command >> material lexan
Material is changed to LEXA
SUCHGR command >> charge
Charged under Orbit Limited Regime
Initial
Surface Potential 0.0000E+00
Conductor Potential 0.0000E+00
Flux Breakdown:
Incident Electron Flux -1.7098E-0%
Electron Secondary Flux 2.2811E~-06
Backscattered Electron Flux 1.7080E-06
Incident Ion Flux 9.2163E-09
Ion Secondary Flux 4.3398E-11
Photo Flux 0.0000E+00
Conduction Flux 0.0000E+00
Total Flux -1,3099E-05
SUCHGR command >> material alum
Material is changed to ALUM
SUCHGR command >> charge
Charged under Orbit Limited Regime
Initial
Surface Potential 0.0000E+00
Conductor Potential 0.0000E+Q0

Flux Breakdown:

~2.8538E+03
0.0000E+00

-1.3417E-05
2.4982E-06
1.7715E-06

5.8921E-06
3.2477E-06

0.0000E+00
0.0000E+00

~7.8621E-09

~3.2288E+03
0.0000E+00

-1.3156E-05%
1.2143E-06
1.3400E-06

6.6651E-06
4.0526E-06

0.0000E+00
0.0000E+00

1.1569E-07

-3.3538E+03
0.0000E+00

A/m**2
A/m**2
A/m**2

A/m**2
A/m**2

A/m**2
A/m**2

A/m**2

A/m**2
A/m**2
A/m**2

A/m**2
A/m**2

A/m**2
A/m**2

A/m**2

volts
volts




Incident Electron Flux -1.7098E-05

Electron Secondary Flux 1.8093E-06
Backscattered Electron Flux 3.2424E-06
Incident Ion Flux 9.3163E-09
Ion Secondary Flux 2.3273E-11
Photo Flux 0.0000E+00
Conduction Flux 0.0000E+00
Total Flux -1.2037E-05

SUCHGR command >> material kapton

Material is changed to KAPT
SUCHGR command >> charge
Charged under Orbit Limited Regime
Initial

Surface Potential 0.0000E+00
Conductor Potential 0.0000E+00

Flux Breakdown:
Incident Electron Flux ~-1.7098E-05
Electron Secondary Flux 2.2811E-~06
Backscattered Electron Flux 1.7080E-06
Incident Ion Flux 9.3163E-09
Ion Secondary Flux 4.3398E-11
Photo Flux 0.0000E+00
Conduction Flux 0.0000E+00
Total Flux ~1.3099E-0%

SUCHGR command >> aaterial whiten
Material is changed to WHIT

SUCHGR command >> charge

Charged under Orbit Limited Regime

Initial
Surface Potential 0.0000E+00
Conductor Potential 0.0000E+00
Flux Breakdown:
Incident Electron Flux -1.7098E-0%
Electron Secondary Flux 2.6074E-06
Backeratcered Electron Flux 1.7080E-06
Incident Ion Flux 9.3163E-09
Ion Secondary Flux 4.3398E-11
Photo Flux 0.0C00E+00
Conduction Flux 0.0000E+00
Total Flux -1.2773E-05

SUCHGR command >> exit

-1.3070E-05
1.1619E-06
2.5997E-06

6.9228E-06
2.3455E-06

0.0000E+00
0.0000E+00

~4.0196E-08

~-3.2288E+03
0.0000E+V0

-1.3156E-05
1.2143E-06
1.3400E-06

.6651E-06
.0526E-06

[ ,%

0.0000E+00
0.0000E+00

1.1%69%E-07

Final
-3.2288E+03
0.0000E+00

-1.3156E-05
1.2395E-06
1.3400E-06

6.6651E-06
4.0526E-06

0.0000E+00
0.0000E+00

--------------

1.4088E-07

Want to save a copy of the session? (YES/NO) »>> yes

Exit SUCHGR.
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Then we define the EMU object using vehicl.

vehicl Standard Input A Muitibody Problem—EMU

nxyz 17 17 kx|
matplots yes
makeplot 2
plotdir 2 3 §
plotdir -2 -3 -5
end

EMU Object Definition A Multibody Problem—EMU

Comment - Object Definition for EVA - Man
comsent defined for uxmesh of 0.1 m
Comment - Matarial Definitions

Lexan
.5 .01 1.2~16 5. 1.8 .3 71.48 .60
230 1.77 .455 140. .00002 1.B+16 10000.
17. 18. 18. 20,
ALUNIN
1. .001 -1, 13, .97 3 153.7
310, 1.76 344 230. .00004 -1. 10000.
17. 18. 19. a0.
TEFLON
2. .01 1.B-16 7. 2.4 | 45.37 .40
70 1.7 .45% 140, +00002 1.B+16 10000.
17. 18, 19. 20,
KAPTON
3.5 .01 10!‘16 s. 1-‘ 02 71“8 060
290 1.77 455 140. «00002 1.E+16 10000.
17. i8. 19. 30.
WEITEN
3.5 .01 5.9B-14 5. 2.1 +15 71.5
31a.1 1.77 455 140, .00002 1.B+¢13 10000.
17. is8. 19, a0,
Comnent
Commant - Define trunk as two octagons
Octagon
Axis -2 -3 0 -2 -1
width 3
8ide 1
Suxrface + Teaflon
Surface - Teflon
Surface C Teflon
endobj
Octagon
Axis 1 -1 O 1-17
widch 3
8ide 1
Surface ¢+ Teflon
Suzrface - Teflon
Surface C Teflon
Sndobj
Rectan

Corner -1 -2 0
Deltas 2 31 8
Surface +X Teflon
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v

Surface -X Teflon
Suzface +Y Teflon
Suxface -Y Teflon
Surface +Z Teflon
Surface -Z Teflon
Endobj

Octagon
Axis -3 -1 6
width 3
Side 1
Surface + Teflon
Surface - Teflon
Surface C Teflon
Endobj

Rectan
Corner -3 -2 §
Deltas 6 3 2
Surface +Xx Teflon
Surface -X Teflon
Surface +Y Teflon
Surface -Y Teflon
Surface +Z Teflon
Surface -Z Tefion
Endobj

Comment - Define legs
Octagon

Axis -2 -1 -7 -2 -1 ¢

width 3
Side 1
Suxfaca ¢+ Teflon
Surface - Teflon
Surface C Teflon
Endobj

Octagon

Axis +1 -1 =7 41 -1 0

wigch 3
8ide 1
Surface ¢+ Teflon
Surface - Teflon
Surface C Teflon
Endob3j

Commant - Define feet

Octagon

Axis -2 0 -7 -2
wideh 3
8iGe 1
Surface + Teflon
Suxface -« Teflon
Surface C Teflon

Surface + Teflon
Surface - Teflon
Suxface C Teflon

Endobj
Rectan
Comezr 2 -2 -7
Deltas 1 1 1

Surface +X Aluminum
Surface -X Aluminum
Surface +Y Aluminum
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Surface -Y Aluminum
Surface +Z Aluminum
Surface ~Z Aluminum

Endobj

Rectan
Corner 1 -3 -7
Deltas 1 11}

Surface +X Aluminum
Surface -X Aluminum
Surface +Y Aluminum
Surface -Y Aluminum
Surface +Z Aluminum
Surface -Z Aluminum
Endobj
Comment - Defins Nead
Qsphere
Center 0 0 10
Diameter ¢
Side 2
Material Teflon
Eadobj
Patchr
Corner =119
Deltas 31 2
Surface +Y Lexan
Endobj
Patchw .
Corner -1 1 9 N
Face Laxan -1 1 0
Length 1 12
Endodbj
Patchw
Corner =11 9
Pace Laxan O 1 -1
Length 23 11
Eadobj
Patchw
Cornar -1 1 1%
Face Lexan 0 1 3%

Length 2 1 %
Endobj '

Patchw
Comer 1 1 9
Pace lawan 1 1 0
Length 3 12
Endodd

Tetzah
Coramr L 1 9
Yace Lexan 1 1 -}
Length 1
Radod)

Tatzah

Corner -1 19
Face Leman -1 1 .}
Length 3}
tndob]

" Tatzah
Corner 1 1 1)
Pace taxan 1 1 3}
Langth 1
Endoby

Tetzah
Cormerx -1 1 11
Pace lLeauan -1 11
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Length 1
Endobj
Patchr
Corner -1 0 131
» Deltas 211
Suxface +Z Whiten
Endnbj
Patchr
Corner -2 0 9
Deltas 11 2
Surface -X Whiten
Endobj
Patchr
Corner 10 9
Deltas 112
Surface +X Whiten
Endob3
Patchw
Corxner 10 11
Tace Whiten 1 0 1
Langth 1 11
Rndob3
Patchw
Corner -1 0 11
Face Whiten =1 0 3

Length 111
Endodj
.Commant - Defing Shouldexs
Qapha
) Cantex =4 =1 ¢
Dianster )
8i6s 1
Material Teflon
© bndodl
Asctan

Cotnar -4 -3 §
Deltas 1 3 %
Surxtace oY Teflon
Surtace ¥ Teflon
Surface <% Teflon

. Endob)
Quphexe

Loutsr 3 -1 &

Diaister 3

8ide 2

Material Teflon
_ Endob) .
Ssotan

Coraxr 3 -3 %

Deltas 113 1}

Surface oY Teflon
Sucfece ~Y Toflon
Surface -2 Teflon

, Endob)
Commnit - Uppes Arme
Rectan )
) Cortuexr -9 «1 2
- T Oelitas F I
surfece ~-X Tellon
Surface -8 vellon
tndodi
oads

Corner -4 -1 3
Pace Tellon -1 -1 O
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langth 1 1 4
Surface - Teflon
Eodobj

Vedge
Corner -4 -1 2
Face Teflon 1 -1 0

langth 1 1 4
Surface - Teflon
Endob]

Wedge

Cormar -4 0 2
¥ace Teflon -1 1 0
Langth 1 14
Suzface -3 mxon
Endob)
Yedge

Coxmar -4 0 2
Face TeZlon 1 1 0

langth 1 1 4
Suxface =-3. Teflon
Endobj

Bzocad

Cormexr 3 =1 2
Daltan e 14
Mrface +X Teflon
Surface -3 hnm
Endobj
visdge

Cormar 4 -1 2
Pace Teflon -1 <1 0

T Lebgth ) % ¢
Surface -8 Teflon
Badob)

Wadge

- Qoxpar 4 ~) 3
T . Pace Teflon 3} -} O

taagth 3 1 4
Sucfacs -% tetlon
fasaki
Wedge )

Cormer 4 0 2
race teflom <1 1 0
Length 1 L s
Ncisce -8 hﬂﬁ
Radobi

Viedge )
. Cozmer 4 O 2

face Yofion )} 1 0
teniith 1 1 ¢

.hrhet <3 teflon
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Dnltas 2 4 2
Suzface +X Teflon
Surface -2 Teflon
Surface +Y Rsgpton
Surface -Y Teflon
Suzface +Z Taflon
Surface -Z Teflon
] Endodbj
Commant - Nands
Rectan
Corner -5 4 2
Deltas 1% 2
Surface +X Kapton
Surface -X Teflon
Surface <Y Teflon
Surface -¥ Tuflon
Suxface +3 Teflon
Surfaca -3 Teflon
Eadobi
Rectan .

Corner 4 4 2
Daltas 112
Surxface +X Teflon
Surxface ~X Rapton

. Surface oY Teflon

- Suxface -¥ Teflon
Surfece +% Yetlon
surtace -7 veflon

’ T Kodobi v

Coamdat ~ Bachpack (#L3S)

RBETAN .
: Coxnar -3 «4 §

- Delitey § 2 &
Suciace X Tefios
Surface <X Teflon
‘nrtece ¥ Teflon -

- Suxtace ~Y Tatflon
Suriace «f Yelioa
neface -3 Yolios

Eadobj - -

Coxnar <2 <4 %

toltae ¢ 3 ¥

_ Swziaie sX Telion
Sueface -x Yeilion
Soxtace oY velfion -
Suitece -¥ Tellom:
Siviele % Yetloa
Surtace -2 vellom
adotsy -

wedow -

Cototr -3 <& B

Pace Cofion «1 6
el I 1 3 :
Sunfece Y Yellom
Surtore -v tollon
Eindiod3 T

Corasr 2 -4 &

Pace Yelism T & 1
tength 1 1
Surfece % Toflon
Sicfacs -¥ Yellom
ENdohS , ’
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Wadge
Corngr -3 -3 8
Pace Teflon ¢ 1 1}
Lasgth ¢ 1 1
Rndobj
Tetrah
Corner -2 -3} 8
Face Teflon -1 1 1
Leagth 1
Kndobj
Totral
Suroer 2 -3 8
Face Yoflion 3 1 3
tangsh 3
edoki
Commmnt - ¥r<epack
Raztan
Corasr »t 1 )
Deiese 3 3 ¢
Sucface % Yelflon
. gurfate -X Tellon
Sucfacs +¥ Teflion
Surfacs -7 tetlon
Surface <% Teflan
Sxdod)
- Patehr
Corver O 3}
Dalteas 2 ) 4
Suctsce +3 Alumious

Then we excxuts ateruk 1o cuanane the chargiag. This is donc ia four sicps.

aterak Siandard laput A Muitibody Problom—EMU

ORFACLY
commnt
commabt Chooes Nigsicsl wdals to ba used.
igical a0
sthaake off
orblia
Combat _
<commaht m Aiﬁw-m phraek«; »

[X)
g
s




maxits 1
maxite 50
potcon 4
deltat 0.01
comment Define Computational Griad
DXXESH .1
MXADNT 25
NXADNB 25
NYADNT 25
NYADNE 25
NZADON 17
MNZTAIL 17
comment define the plasma eavironmert
VMACH 0.0 0.6 0.001
RATIH 10.0
DENS 2.2e7
TEMP 4.5
DEN2 6.0E5
TENP2 8.0E3
GAUCO 4&.0ed
ENAUYT 2.4B4
DELTA 1.6E4
POWCO 3.0E11
PALPHA 1.1
PCUTL 50.0
PCOTE 1.6E6
comment set conductor potential
coNDV 1 -10
comment Iterate on the analytical modules
PWASON
CHARGE
endrun

nterak Standard Input For First Continuation A Multibody Problem—EMU

ISTART cont

WHAT

DRLTAT 0.01

LOOP 5 PMASCN CHARGE
DELTAY 0.02

LOOP 5 PMASON CHARGE
ENDRUN

ntergk Standard Input For Second Continuation A Multibody Problem—EMU

ISTART cont

DRLTAT 0.05

LOOP 5 PMASON CHARGE
DRLTAT 0.10

LOOP 5 PWASON CHARGR
EMDRUMN

nterak Standard Input For Third Continuation A Multibody Problem—EMU)

ISTART cont
DRLTAY 0.20
LOOP 5 PWASON CHARGE
DELTAT 0.50




LOOP S PWASON CHARGE
ENDRUN

nterak Standard input For Feurth Continuation A Multibody Problem—EMU

ISTART cont

DELTAT 1

LOOP S5 PMASON CHARGE
DELTAT 2

LOOP 5 PRASON CHARGE
ENDRUN

We examine the results using trmtlk.

trmtlk Interactive Runstream A Multibody Problem—EMU

Welcome to POLAR 1.3 TRMTLK ...

Any AID may be called fr- n any MODULE

MODULES AIDS
*ehPORNGEOERED o LR R R RN NN

HISTCRY AGAIN

LATEST HELP

SINGLE LOCATION #

SPECIAL OUTLINE
SUBSET R
EXIT

SUBSET [GROUP NAME]
Enter any MCDULE-AID name or 'HELP' for help >> latest

LATEST command .- MODE set >> magnitude
MODE RESET ’

LATEST command <z MODE ser »> gsubset tsflon
DEFINITION OF NEW 3SUBGET NAMED TEFL -
5351 REMAINING IN GROUP

SUBSET command please »- matl teflon
511 REMAINING IN GROUP

SUBSET command please »> done
GPOUP TEFL WITH %11 MEMBERS IS NOW DEFINED
RETURNING TO MODULE 'LATE’

LATEST command or MODE set >> subget laxan
DEFINITICON OF NEW SUBSET NAMED LEXA
55! REMAINING IN GROUP

SUBSEYT command please . matl lexan
16 REMAINING IN GROUP

SUBSET command please .. done
HROUP LEXA WITH 16 MEMBERS IS NOW DEFINED
RETURNING TO MODULE " LATE'

LATEST ¢ommand v MODE ..et > gubset whiten
CEFINITION OF NEW UBCET NAMED WHIT
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551 REMAINING IN GROUP

SUBSET command please >> matl whiten
8 REMAINING IN GROUP

SUBSET command please >> dons
GROU? WHIT WITH 8 MEMBERS IS5 NOW DEFINED
RETURNING TO MODULE ‘'LATE'

LATEST command or MODE set >> subset kapton
DEFINITION OF NEW SUBSET NAMED VAPT
551 REMAINING IN GROUP

SUBSET command please >> matl kapton
8 REMAINING IN GROUP

SUBSET command please >> donh
GROUP KAPT WITH 8 MEMBERS IS NOW DEFINED
RETURNING TO MODULE ‘LATE'

LATEST command or MODE set >> group teflon
POTL IN VOLTS FOR POLAR CYCLE 42 ... TIME = 3.26E+0l SEC
161-3.45E+03 160-3.45SE+03 159-3.45E+03 158-3.45E+02 538-3.45E+03
157-3.45E+03 156-3.458+03 535-3.45E+03 155-3.45E+03 154-3.45E+03
153-3.45%E+03 28-3.45E+03 524-3.4%5E+03 523-3.45%E+03 27-3.45E+03
150-3.45E+03 149-3.45E+03 70-3.45E+03 512-3.45E+03 511-3.45E+03
510-3.45E+03 509-3.45E+03 508-3.45E+03 S507-3.45E+03 69-3.45E+03
146-3.45E+03 500-3.45E+03 499-3.45E+03 145-3.45E+03 497-3.45E+03
144-3.45E+03 495-3.45E+03 494-3.45E+03 493-3.45E+03 492-3.45E+03
143-3.45E+03 490-3.45E+03 142-3.45E+03 488-3.45E+03 487-3.45E+03
486-3.45E+03 J485-3.45E+03 141-3.45E+03 68~3.45E+93 67-3.45E+03
138-3.45E+03 4R0-3.45E+03 479-3.45E+03 66-3.45E+03 136-3.45E+03
376-3.485E+03 475-3.45E+03 474-3.4%5E+03 473-3.45E+03 472-3.4 2+03
471-3.45E+03 65-3.45E+03 467-3.45E+03 134-3.45E+03 465-3.45E+03
133-3.45E+03 64-3.45E+03 462-3.45E+03 63-3.45E+03 460-3.45E+03
130-3.45E+03 62-3.45E+03 128-3.45E+03 456-3.45E:+03 61-3.45E+03
126-3.45E+03 453-3.45E+03 125-3.45E+03 124-3.45E+03 450-3.45E+03
449-3.45E+03 123-3.45E+03 447-3.45E+03 446-3.45E+03 26~3.45E+03
444-3.45E+03 59-3.45E+03 442-3.45E+02 25-3.45E+03 440-3.45E+03
439-3.45E+03 438-3.45E+03 437-3.45E+03 436-3.45E+03 435-3.45E+03
434-3.45E+03 433-3.45E+03 4132-3.45E+03 431-3.45E+03 430-3.45E+03
57-3.45E+03 118-3.45E+03 427-3.45E+03 426-3.45E+03 117-3.45E+03
424-3.45E+03 423-3.45E+03 422-3.45E+03 24-3 .45E+03 420-3.45E+03
419-3.45E+03 55-3.45E+03 23-3.45E+03 416-3.45E+03 415~3.45E+03
53-3.45E+03 112-3.45E+03 412-3.45E+03 411-3.45E+G3 410-3.45E+Q3
409-3.45E+03 408-3.45E+03 407-3.45E+03 406-3.45E+.3 405-2.45E+03
404-3.45E+03 403-3.45E+03 402-3.45E+03 401-3.45E+03 400-3.45E+03
399-3.45E+03 111-3.45E+03 396-3.45E+03 395-3.4%5E+03 394-3.45E+03
110-3.45B+03 392-3.45E+03 39i-3.45E+03 109-3.45E+03 52-31.45E+023
388-3.45B+03 387-3.45E+03 5i~3.45E+03 22-3.45E+03 3R4-3.45E+0}
383-3.45E+03 382-3.45E+03 381-3.45E+01 3JR0-3.45E+0) 379-3.45E+03
378-3.45E+03 377-3.45E+03 376-3.45B<03 37%-3.4%E+03 13174-3,45E+03
373-3.45E+03 372-3.45E«¢03 3713 .d5E+03 370-3.45%E+03 169-3,.45E+03
368-3.45B+03 367-3.45E+Q3 146 1.45E+03 365-3.45E+03 364-3.45E+0)
363-3.45E+03 362-3.45E+01} 2i-3.45E+03 360-3.4%E+73  359-3.45E+«03
358-3.45E+03 3%7-3.45E+Q3 356 3.45E+03 355-3 . 45E«+01 3%4-31.45E+03
353-3.45E+03 104-3.45F+03 351 - 3.45E+03 103-3.45E+03 349 1.45E+03
348-3,458+03 20-1.45E+03  346-3.45E+0} 19-3.4%E+«03  344-3.45E+03
18-3.45E+03 142 3$.49FE+03 341 -4 .4%E+03 17-3,.45%F+0%8 3139-1,45E+03
338-2.45F¢03  337-9.45E+03 98 - i . 4%E+03 97-3.45E+03  334-3.4%E+Q)
96-3.458403 ,32-3.45E+03 331 3.49E+03 95-3.45E+03  329-3,45E+03
328-3.45B+03 44-3.45E+01 126 3 . 45EeN3 43-3,45E+0%  324-3.45E+Q3
323-3.45B+03  122-3.45E+03  32{-3.48E«+Q03 320 3.45E+03 3193 .45E«03
J1R-3.45E+03  317-3.4%E+03 316 3 4NE+«0Y  315-1.45E203  314-3.45E«03




313-3

304-3.

299-3
294-3

289-3.
284-3.
89-3.

38-3

269-3.
264-3.
255-3.
250-3.
245-3.
240-3.
235-3.

230-3
81-3

12-3.
215-3.

210-3

205-3.
200-3.
195-3.
190-3.

185-3

180-3.
7~3.

170-3

165-3.

49-3

46-3.

41-3
498-3
483-3

14-3.
459-3.
452-3.
441-3.

418-3
393-3
361-3

343-3.
3130-3.
280-3.
273-3.
224-3.

187-3
1483

135-3.
122-3.
115-3.

175-3

99-3.

RR-3

79-3.
72-3.
54-3.
528-3.

501-3
123
13

LATESGT

.45E+03
45E+03
.45E+03
.45E+03
45E+03
45E+03
45E+03
.45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
.45E+03
.45E+03
45E+03
45E+03
.45E+03
45E+493
45E+03
45E+03
45E+03
.45E+03
45E+03
45E+03
.45E+03
45E+03
.45E+03
45E+03
.45E+D3
.45E+03
L45E+03
45E+03
45E+03
45E+03
45E+03
.45E+03
.45E+03
.45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
.45E+03
.45E+03
45E+03
45E+01}
45E+03
.45E+03
45E+03
L45E+03
45E+03
45E+03
45E+0Q3
45E+03
.45E+03
.45E+03
.45E+Q3

312-3.
303-3.
298-3.
293-3.
288-3.
283-3.
8-2.
37-3,
268-3.
263-3.
254-3.
249-3.
244-3.
239-3
234-3
229-3
36-3
11-3
214-3
209-3
204-3.
199-3
194-3.
189-3
184-3
179-3
174-3
169-3.
164-3
48-3.
45-3
514-3
496-3.
482-3
466-3
458-3
451-3.
429-3
417-3
390-3
352-3
340-3
327-3
279-3
232-3
222~
176-3
147-3
132-3.
121-3
114-3
195-3.
94-3.
R7-3
78-3
71-3
548-3
527-3
469-3
31-3
0 C.

45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+403
45E+03
45E+03
45E+03
45E+03
45E+03

.45E+03
.45E+03
.45E+03
.45E+03
.45E+03
L45E+03
.45E+03

4SE+03

.45E+03

45E+03

.45E+03
.45E+(3
.45E+03
L45E+03

45E+03

45E+03

45E+03

.45E+03
.45E+03

45E+03

L45E+03
.45E+03
.45E+03

45E+03

.45E+03
.45E+03
.45E+03
L45E+03
.45E+03
.45E+03
.45E+03
.45E+03
45E+03
L45E+03
.45E+03

45E+03

A45F+0)3
LA5E03

45K8+03
45E+03

L45E+03
L45E4+03
45E+03
.45E+03
.45E+03
L45E+03
L45E+03

UOE+Q0

command o1 MOLE net
PO IN YOLTS

307-3
302-3.
297-3
292-3.
287-3.
282-3.
277-3.
272-3
267-3.
262-3
253-3.
248-3
243-3
238-3.
233-3.
228-3.
223-3.
218-3.
213-3,
208-3.
203-3.
198-3
193-3,
76-3.
183-3.
178-3
173-3.
168-3
163-3.
47-3
526-3.
513-3.
491-3.
481-3.
464-3
457-3.
448-3,
428-3.
$14-3
389-3
350-3
336-3.
325-3,
278-3.
231-3.
220-3,
175-3,
140-3.
131-3.
120-3,
113-3
102-3.
93-3.
86-3.
77-3.
60-3.
547-3,
516-3,
461-3.

6-3.

0 0.

.45E+03

45E+03

.45E+03

45E+03
45E+03
45E+03
45E+03

.45E+03

458+03

.45E+03

45E+03

.45E+03
.45E+03

45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03

.45E+03

45E+03
45E+03
45E+03

.45E+03

45E+03

.45E+03

45E+03

.45E+03

45E+03
45E+03
45E+03
45E+03

.45E+03

45E+03
45E+03
45E+03

.45E+03
.45E+03
.45E+03

45E+03
45E+03
4SE+03
45E+03
45E+ 013
45E+03
45E+«03
45E+03
45E+03
45E+03
45E+03
45E+(0 3
458+ 03
45E+03
45E+ 04
45E+03
45E+03
45E+03
45E+013
00E+ Q0

o group lexan
FoR POLAR CYCLE 42 .
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TIME

306-3.
301-3.
296~3.
291-3.
16-3.
281-3.
13-3.
271-3.
266-3.
261-3.
252-3.
247-3.
242-3,
237-3.
84-3.
227-3.
35-3.
217-3.
212-3,
207-3.
202-3.
197-3.
192-3.
75-3.
182~3.
177-3.
172-3.
167-3.
162-3.
537-3.
525-3.
40-3.
489-13,
478-3.
463-3.
455-3.
445-3,
425-3.
413-3.
386-3.
347-3.
335-3.
286-3,
276-3.
226-3.
219-13,
152-3.
139-3.
1293,
119-3.
108-13.
101-3,
92-3.
85-3
74-3.
58-1,
540-3,
515-3.
34-3.

41,

0 0.

45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45B+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
458+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45BE+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
4SE+03
45E+03
45E+03
45E+03
45E+03
45E+03

.45E+03

45E+03
45840
45E+03
45E+03
45E+03
45E+03
0QE+00

305-3.
300-3.

295-3.
290-3.
15-3.

90-3.

275-3.
270-3.
265-3.
260-3.
251-3.
246-3.
241-3.
236-3.

83-3.

82-3.
221-3.
216-3.
211-3.
206-3.
201-3.
196-3.
191-3.

186-3.

181-3.
10-3.

171-3

42-3
39-3.
484-3

9-3.

454-3.

443-3.
421-3.
398-3.
385-3.

345-3.
333-3.

285-3
274-3.
225-3.
188-3.
151-3
137-3
127-3
116-3,
107-3.
100-3.
91-3.
BO-3,
73-3.
56-3.
539-3.
502-3.
33-3.
3-1.
00,

1 26E:01 SkEC

45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
458+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03

.45E+03
166-3,

50-3.
536-3.

45E+03
45E+03
45E+03

.45E+03

45E+03

.45E+03
477-3.

45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
455+03

.45E+03

45E+03
45E+03
45E+03

.45E+03
.45E+03
.45E+03

45E+03
45E+03
45E+03
45E+03
45E+01
45E+03
45E+03
45E+03
45E+03
45E+03
45E+03
OOR«00




520-3.90E+03 545-3.90E+03 544-3.90E+03 519-3.90E+03 534-3.90E+03
533-3.90E+03 532-3.90FE+03 6531-3.90E+03 522-3.90F+0% &21-3.90€8+03
504-3.90E+03 505-3.90E+03 546-3.90E+03 543-3.90E+93 506-3.90E+03
503-3.90E+03 0 0.00E+00 0 0.00E+00 0 0.00E+00 0 0.00E+00

LATEST command or MODE set >> group whiten

POTL IN VOLTS FOR POLAR CYCLE 42 ... TIME = 3.26E+01 SEC
518-3.89E+03 517-3.89E+03 542-3.89E+03 541-3.89E+03 550-3.89E+03
549-3.89E+(03 530-3.89E+03 529-3.89E+03 0 0.00E+00 0 0.00E+00

LATEST command or MODE set >> group kapton

POTL IN VOLTS FOR POLAR CYCLE 42 ... TIME = 3.26E+0l SEC
311-3.90E+03 310-3.90E+73 309-3.90E+03 308-3.90E+03 259-3.90E+03
258-3.90E+03 257-3.90E+03 256-3.90E+03 0 0.00E+00 0 0.0CE+00

LATEST command or MODE set >> history
HISTORY command or MODE set >- 161,520,518,311,-1

POTL in Volts

: #1 #2 #3 #4 #5 #6 #7
0.0E+00:-1.00E+01~1.00E+01-1.00E+01~-1.00E+01~-1.00E+01
2.0E-02:-1.32E+03-1,37E+03~1.39E+03~-1.37E+03-1.31E+03
4.0E-02:-2.30E+03-2.42E+03-2.44E+03-2.42E+03-2,30E+03
6.0E-02:-2.85E+03~-3.02E+03-3,04E+03-3.02E+03-2.85E+03
8.0E-02:-3.14E+03-3.36E+03-3.37E+03-3.36E+03~3.14E+03
1.0E-01:-3.29E+03-3,55E+03-3.56E+03-3.55E+03~3,30E+03
1.2E-01:-3.37E+03~3.66E+03-~3.66E+03-3.66E+03-3,38E+03
.6E-03:-3.43E+03~-3,76E+03-3.77E+03-3.76E+03~3.44E+03
0E-01:-3.44E+03-3.82E+03-3,.82E+03-3.82E+03-3.47E+03
L4E-01:-3.45E+03-3.85E+03-3.84E+03-3.85E+03-3.48E+03
6E-01:-3.45E+03-3.86E+03-3.85E+03-3.86E+03-3.48E+03
8E-01:-3.45E+03-3,86E+03-3.86E+03-3.86E+03-3.48E+03
.8E-01:-3.45E+03-3.89E+03-3.88E+03-3.89E+03-3.49E+03
L,8E-01:-3.45%E+03-3.90E+03-3.89E+03-3,90E+03-3,49E+02
.3E-01:-3.45E+03-3.90E+03-3.89E+03-3.90E+03-3.50E+03
5.8E-01:-3.45E+03-3.90E+03-3.90E+03-3.90E+03-3.50E+03
6.3E-01:-3.45E+03-3,90E+03-3,90E+03-3.90E+03-3,51E+(}
8.3E-01:-3.45E+03~3,90E+03-3,90E+03 -3.90E+03-3.51E+0}
1.0E+00:-3.45E+03-3.90E+03-3.908+403-3.90E+03-3.52E+"3
1.2E+00:-3.45E+03-3.90E+03-3.901+03-3.90E+03-3,53E+03
1.4E+00:-3.45E+03-3.90E+03-3,90E+03-3,90E+03~-3.54E+0}
1.6E+00:-3.45E+03-3.90E+03-3.90E+03-3.90E+03-3.5%E+03
2.0E+00:-3.45E+03-3.90E+03-3.90E+03-3.90E+03-3.57E+03}
2.4B+00:-3.45E403-3,90E+03-3.90E+03-3.90E+03-3.58E+03
2.8E+00:-3.45E+03-3.90E+03-3.90E+03-3.90E+03-3,59E+03
3.2E+00:-3.45E+03-3.90E+03-3,90E+03-3.90E+03-3.61E+03
3.6E+00:-3.45E+03-3.90E+03-3,90E+03-3.90E+03-3.62E+(3
4.6B+00:-3.45E+03-3.90E+03-3.90E+03-3.90E+03-3.65E+03}
5.6E+00:-3.45E+03-3,90E+03-3.90E+03-3.90E+03-3.67E+1)}
6.6E+00:-3.45E+03-3.90E+03-3.90E+(3-3,90E+03-3.69E+0}
7.6E+00:-3.45E+03-3.90E+03-3.90E+03-3.90E+03-3.71E+03
8.6E+00:-3.45E+03-3.90E+03-3.89E+03-3.90E+03-3.73E+U3
1.1E+01:-3.45E+03-3.90E+03-3.89E+01-3.90E+03-3.75E+0!
1.3E+01:-3.45E+03-3.90E+03-3.89E+01} -3.90E+03-3.77E«0}
1.5B40):-3.45E+03-3.90E+03-3.89E+03 35.90E+403-3.79E+03
1.7E+401:-3.4%E+0}-3,90E+03-3.R9E+03 §.90E+Q03-3,ROE+Q}
1.9E+01:-3.45E+03-3.90E+03-3.89E+03-3.908+03-3.R1E+3
2.3E+01:-3.45E+03-3,90E+03 3.89E+0} 3 .90E+03-3.R2E+(!}
2.7TE+0):-3.45B+03- 3, 90E+03-3.89K+03 % QE+03-3.RIE+0
2.9B+401:-3.45E+03-3,90E+03-31 . 3901 3.90E+03 -3 . RIEvi
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3.1E+01:-3.45E+03~3.90E+03~-3.89E+03-3.90E+03-3.83E+03
3.3E+01:-3.45E+03-3.90E+03~3.89E+03-3.90E+03-3.83E+03

1 POTL versus TIME in Seconds
L0 IR 4100 30T 3 3O
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4.00B+03+. .. . v it e et e et e e .
N.00E+00Q |.00E+01 2.00E+01 1.00E+01 4.00E+

HINTORY command or MODE et >+ latest

LATEST command o: MUDE net > field
MODE RESET

LATEST command or MNGE et -~ absmag
MODE RESET ’

LATECT command @ Moll, st . group all
FIFL IN VOLTS/METEP OV POLAR UYCLE 4 TIME © 1 26E:01 k0




23-2.17E+05
5-1.92E+05
261-1.74E+0%
314-1.72E+05
255-1.54E+0%
208-1.50E+05
371-1.46E+05
309~1.43E+05
37-1.36E+05
534-1.35E+05
543-1.27E+05%
68-1.21E+05
31-1.1BE+05
518-1.16E+05
522-1.11E+05
209-1.08E+05
548-1.01E+U5
472-9.70E+04
430-9.66E+04
478-9.46E+04
227-9.26E+04
254-3.17E+04
75-8.77E+04
162-8.60E+04
473-8.24E+04
250-8.05E+04
47-7,75E+04
104-7.64E+04
219-7,56E+04
378-7.52E+04
203-7.48E+04
315-7.41E+04
523-7.24E+04
509-7.17E+04
74-6.99E+04
210-6.94E+04
465-6.88E+04
199-6.73E+04
528-6.71E+04
453-6.67E+04
500-6.54E+04
12-6.45E+04
212-6.43E+04
97-6.30E+04
66-6.08E+04
191-5,94E+04
14-5.90E+04
386-5.82E+04
65-5.74E+04
80-5.71E+04
32-5.62E+04
177-5,59E+04
506-5.43E+04
109-5.33E+04
369-5.19E+04
161-5.11E+04
426~5.01E+04
264-4.88E+04
124-4.76E+04
316-4.68E+04
159-4.62E+04
401-4.57E+04
439-4.56B+04
317-4.33B+04

28-2.17E+05
549-1,76E+05
262-1.74E+05
7-1.71E+05
260-1.54E+05
541-1.49E+05
372-1.46E+05
544-1.42E+05
38-1.36E+05
35-1.29E+05
546-1.27E+05
258-1,20E+05
34-1.18E+05
415-1.13E+05
173-1.10E+05
214-1,08E+05
3-9.89E+04
475-9.70E+04
435-9.66E+04
436-9.40E+04
228-9.26E+04
51-9.07E+04
76-8.77E+04
535-8.40E+04
474-8.24E+04
401-7.98E+04
50-7.75E+04
295-7.61E+04
226-7.56E+04
413-7.52E+04
206-7.48E+04
320-7.41E+04
524-~7.24E+04
281-7,10E+04
40-6.98E+04
213-6.94E+04
117-6.BRE+04
202-6.73F+04
%0%5-6.71E+04
468-6.66E+04
179-6.47%+04
11-6.45E+04
19-6.42E+04
98-6.30E+04
205-6.06E+04
198-5.94E+04
273-5.86E+04
133-5.80E+04
64-5.74E+04
111-5.65E+04
33-5.62E+04
325-5.58E+04
113-5.42E+04
110-5.33E+04
419-5,16E+04
432-5.10B+04
402-4.96E+04
267-4.88E+04
462 4.76E+04
319-4.6AE¢04
160-4.62E+04
404-4.57E+04
2h6-4.5]E¢04
318-4. 33E04

29~
550-
471-
-1.7T1E+05
307-
542-
259-
$45-

39-

36~
531~
256-
517
416-

16

178

2.04E+05

1.76E+05
1.74E+05

1.52E+05
1.49E+05
1.45E+05%
1.42E+05

-1, 36E+05

1.29E+05%
1.26E+05

-1.20E+05
-1.17E+05

1.13E+05
1.10E+05

519-1.02E+05

4-
454-
455-
437~
539~

52~
387-
538-

53~
406~
263~
302~

9.89E+04
9.67E+04
9.65E+04
9.39E+04
9.26E+04
9.07E+04
8.72E+04
8.39E+04
8.19E+04
7.98E+04
7.67E+04
7.61E+04

235-7.55E+04

414-
417-
418-
525~
504-

41-

7.52E+04
7.42E+04
7.39E+04
7.22E+04
7.10E+04
6.98E+04

456-6.93E+04

118-

O -

L. HAR+(4
G128+ 04

18-6 . 67E+04

479-
184-

-6.63E+04
6. 47TE+04

269-6.45E+04

20-
321~
204-
243~

6.42E+04
6,24E+04
6.06E+04
5.92E+04

280-5.86E+04
134-5.80E+04
359-5.72E+04

112-
95-

5.65E+04
5.62E+04

336-5.58E+04

116-
457-
464-
433-

5.42E+04
%.32E+04
5. 15E+04
5.10E+04

405-4.96E+04

119-

$74

4.
1274,
-4 H1E04
q.
4

CRY
149
264
441

4.778+04
1 1E+04
6 1E+04

S1E+04
H3iE+04
4 17804

30-2.04EF+05
1-1.75E+40%
476-1.748K+0%
43-1.59E+0%
312-1.52E+0%
529-1.46E+05
257-1.45E+05
25-1.39E+05
42-1,36E+05
24-1.27E+05
532-1.26E+05
17-1.19£+0%
310~1.17E+05
397-1.12E+05
8-1.08E+05
520~1.01E+0%
536-9.86E+04
507-9.67E+04
470-9.48E+04
215~9.35E+04
540-~-9.26E+04
303-8.93E+04
388-8.72E+04
89-8.26F+04
59-8.19E:+04
45-7.80E+04
268-7.67E+04
337-7.57E+04
246-7.55E+04
229-7.49E+04
69-7.42E+04
10-7.30E+04
526-7.22E+04
282-7.10E+04
407-6.%37E+04
367-6.90E+04
B3-6.R31K8+04
289 -6,72K:¢04
21-6.67F+04
485-6.62E+04
85-6.46E+04
270-6.45E+04
379-6.38E+04
322-6.24E+04
99-5,98E+04
288-5,92E+04
503-5.R2E+04
91-5.75E+04
366-5.72E+04
185-5.63E+04
96-5.62E+04
431-5.47E+04
105-5.36E+04
253-5,24E+04
368-5,12E+04
8l1-5.07E+04
389-4.93E+04
122-4.77E+04
377-4.73E+04
132-4.63E04
125 4 .58E.04
3151 4.%7TB.04
375-4.36E« 4
452 -4. 17104

2-1,92E+05
6-1.75E+05
313-1.72E+05
44-1.59E+05
207-1.50E+05
530-1.46E+05
311-1.43E+05
26-1,39E+05
533-1.35E+05
27-1.27E+05
61-1.21E+05
22-1.19E+05
308-1.17E+05%
921-1.12E+0%
15-1,08E+05
547-1.01E+05
537-9.86E+04
510-9.67E+04
477-9.46E+04
216-9.35E+04
251-9.17E+04
306-8.92E+04
157-8.60E+04
90-8.26E+04
247-8.05E+04
46-7.80E+04
103-7.64E+04
338-7.56E+04
373-7.52E+04
234-7.49E+04
70-7.42E+04
13-7.30E+04
508-7.17E+04
71-6.99E+04
408-6.97E+04
370-6.89E+04
84-6,.83E+04
294-6.72F4+ 04
440-6.67E+04
493-6.59E+04
B88-6.46E+04
211-6.43E+04
380-6.38E+04
62-6.08BE+04
102-5.98E+04
9-5.90E+04
3R5-5.B2E+04
94-5.75E+04
77-5.71E+04
190-5.63E+04
174-5.59E+04
434-5.47E+04
108-5.36E+04
252-5.23E+04
158-5.11E+04
82-5.07E+04
390-4.92E+04
123-4.76E+04
3105-4.71E+04
304-4 . 63E+ud
126- 4 . 58BE+04
43R4 S6E+04
$76-4. J6E+04
149-4.07E.04




150-4.
135-3.

60-3
514-3.
400-3.
172-3.
425-2
391-2
152-2

48-2

63-2.
512-2
364-2
154-2

100-2.
494-1.
272-1.
115-1.
296~-1
181-1.
186-1.
326-1
121-1.
467 1.
274-1.
182-1
165-1.
164-1.
129-1,
221-1
424-1.
137-9.
394-8
167-8.
443-7
238-6.
293-4
343-3.
495-3
348-3
444-2
443-1,
224-1.
284-6.
347-3.
-1 0.

LATEST

07E+04
92E+04

.65E+04

36E+04
32E+04
14E+04

.86E+04
.T5E+04
.71E+04
.68E+04

S52E+04

.45E+04
.41E+04
.25E+04
225-2.

16E+04
07E+04
92E+04
88E8+04
84E+04

.74E+04

71E+04
69E+04

.6BE+04

56E+04
S0E+04
45E+04

.40E+04

25E+04
18E+04
13E+04

.04E+04

01E+04
T4E+03

.88E+03

48E+03

.42E+(3

SOE+03

.T76E+03

§IE+03

.48E+03
.32E+03
.33E+03

T6E+(3
S6E+03
JEE+(2
13E+02
00E+00

353-4.
140-3.
409-3.
217-3.
480-3.
516-3.
365-2.
360-2
151-2
381-2.
67-2.
297-.
363-2.
144-2

101-2.
458-1.
128-1.
361-1.
106-1.
183-1.
382-1.
334-1.

78-1.
423-1
279-1.
501-1.
327-1.
170-1.

131-1.
.04E+04
.01E+04

223-1
245-1
166-9.
355-8,
291-8.
451-7,
242-6
392-4
350-3.
233-3.
341-3.
447-2.
328-1.
446-9,
488-4.
3301,

0 0.

05E+04
92E+04
S0E+04
35E+04
19E+04
11E+04
84E+04

.T4E+G4
.T1E+04

62E+04
52E+04
44E+04
39E+04

L22E+04
420-2.

14E+04
07E+04
91E+04
86E+04
81E+04
73E+04
71E+04
69E+04
68E+04
55E+04

.48E+04

45E+04
3ISE+04
23E+04
18E+04
13E+04

70E+03
63E+03
38E+03
40E+03

.45E+03
L15E+03

RIE+Q3
35E+03
QOE+03
33E+03
69E+03
81E+02
91E+02
26E+00
00E+0Q0

358-4.04E+04
142-3.82E+04
411-3.50E+04
218-3.35E+04
486-3.19E+04
143-3.05E+04
298-2.79E+04
396-2.74E+04
340-2.70E+04
383-2.62E+04
249-2.48E+04
300-2.43E+04
86-2.25E+04
145-2.22E+04
481-2.07E+04
410-2.01E+04
499-1.91E+04
130-1.86E+04
395-1.80E+04
107-1.73E+04
196-1.70E+04
384-1.69E+04
442-1.63E+04
79-1.55E+04
463-1.47E+04
175-1.41E+04
243-1.30E+04
335-1.23E+04
349-1.18E+04
460 1.09E+04
487-1.03E+04
236-1,00E+04
168-9,70E+03
482-8.57E+03
292-8.26E+03

56-7.26E+03
240-6.45E+03
344-4.70E+03
275-3.58E+03
230-3,35E+03
466-2.95E+03
232-2.06E+03
331-1.69E+03
449-9.81E+02
490-4.91E+02
333-1.26E+00

0 0.00E+00

command or MUDE sut >> stress
MODE RESET

LATEST command or MODE set >> group all

STRE
137 3.
192 3.

75 3.
183 3.
179 3.
174 3.
171 3.
166 3.
511 3.
1ne 3,
157 3.

ARE+G4
RRE+04
8RE«04
B8BE+04
88E+04
BAE+04
RBE+04
RAE+04
HRE+04
BHE 04
HRE+ 04

IN VOLTS/METER

196 3
191 3
186 3
53% 3
178 3
173 3.
170 )
165 ¢
510 i
161 3
500

FOR POLAR CYCLE 42 ...
.RRE04
LRHREL04
.RKRE+04
.HBE+04
LHREL (04

RAK+04

LRAEC04
CREEO4

AHE«04
KA+ 04
HRE+04

19%
190
185
182
177

3.88K+04
3. BRE+ 04
J.B8E+04
3.88E+04
J,8RE+04
524 ).RBE+04
169 }.RAE+04
164 1.HAE.04
909 }.RRB+04
160 §.8RE«04
499 3.ARE.04

2K0

201-3.98E+04
141-3.82E+04
427-3.49E+04
147-3.33E+04
515-3.14E+04
146-3.05E+04
299-2.78E+04
156-2.73E+04
352-2.69E+04
197-2.59E+04
248-2.47E+04
72-2.43E+04
87-2.25E+04
393-2.21E+04
484-2.07E+04
412-2.01E+04
421-1.91E+04
301-1.84E+04
92~-1.79E+04
323-1.71E+04
193-1.70E+04
138-1.68E+04
450-1.63E+04
195-1.51E+04
241-1.46E+04
176-1.41E+04
237-1.29E+04
188-1.18E+04
342-1.18E+04
357-1.09E+04
492-1.03E+04
356-9.85E+03
57-9.47E+03
483-8.578+03
498-8.00E+03
58-7.26E+03
461 5.36E+03
497-4.57E+03
2717-3.58E+03
489-3.32E+03
329-2.54E+03
231-2,06E+03
459-1.67E+03
287-7,91E+02
286-3.27E+02
278-5.06E-01

0 0.00E+00

194
i1R9
SR
181

12
423
168
163
50R
159
156

}.BRE.04
1.A8E«04
3,.8BE+04
3.88E+04
1.88E+04
3.RAE+ 04
3.88E+04
3.8RE04
J . RRE«0O4
{ KRE+04
i RAEOQ4

200-3.98E+04

54-3.65E+04
513-3.36E+04
148-3.33E+04
163-3.14E+04
428-2.96E+04
399-2.78E+04
153-2.73E+04

49-2.68E+04
192-2.59E+04
511-2.45E+04
73-2.43E+04
155-2.25E+04
220-2.16E+04
398-2.07E+04
362-2.01E+04
271-1.88E+04
114-1.84€E+04

93-1.79E+04
324-1.71E+04
189~1.69E+04
136-1.68E+04
120-1.56E+04
194-1.51E+04
239-1.46E+04
180-1.40E+04
171-1.25E+04
187-1.18E+04
469 1.17E+04
502-1.07E+04
354-1.02E+04
139-9.74E+03

55-9.47E+03
169-8.48E+03
496-7.47E+03
244-6.50E+03
422-5.14E+03
290-4.14E8+03
346-3.55E+01
491-3.32E+03
332-2.54E+03
445-1.77E+03
222-1.56E+03
345-7.23E+02
285-3.16E+02
276-5.06E-01

0 0.00E+00

TIME = }.26E+0] SEC

193

76
184
180

11
172
167
512
507
o
449

$.RRE« 04
3. RAE+04¢
3. HHE04
J.R8E«04
.RBE«{4
JRRE+04
L RBF+04
LRRE+04
JRRE«04
RHE«04
L AREOY

B A v 4




155
154
486
149
476
471
143

456

3
3
3
3
3

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
)
3
3
3
)
3
i
3
i}
3
)
3
)

.88E+04
.88E+04
.88E+04
.88E+04
.88E+04
.88E+04
.4BE+04
.88E+04
.88E+04
.88E+04
.88E+04
.88E+04
.88E+04
.88E+04
.88E+04
.88E+04
.B8E+04
.88E+04
.88E+04
.B88E+04
.88E+04
.88E+04
.B8E+04
.88E+04
.88E+04
.88E+04
.88E+04
.88E+04
.88E+04
.B8E+04
.B3E+04
.BBE+04
.B8E+04
.BBE+ 04
.BRE+04
.88E+04
.88E+04
.88E+04
R8E+04
BBE+04
.BBE+04
.88E+04
.88E+04
.BBE+04
.BBE+04
.88E+04
.BBE+04
.88E+04
.B8E+04
.B8E+«04
ARE 04
.BBE+04
.ARE+(4
.RBB+04
.RRE+04
.BBE+04
.BBE+04
.RHE«U4
.BRE04
.BBE+04
.RRE«04
.RBE«04
CRARK04
LY YT

495
490
485
480
475
146
465
460
136
420

440
435
430
126
420
415
410
405
400
395
117

25
380
375
370

260
255
250
245
240
434
230
81
R
21%
210
204
BTV
120
11
0.t
99

3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.8B8E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.887+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.8RE+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3,.88E+04
3.88E+04
3.88E+04
3.88E+04
3.885+04
3.8BE+04
3.88E+04
3.B8BE+(04
J.B8E+04
1 .88E+04
3. 88E+04
3.88E+04
3I.REE«04
J.RRE+ 4
3. BRE+U4
), B8E+04
). RBE+04
3. RBE+ 04
1.RAE+04
31.RAR+04
§.ARE«04
3. RRE+04
1.8HE«04
). 88E+04
). 88E+04
3.RRE«04
3. HREOE
3. HREeD4
}.RAB+O4
§.PREC0Y
{1 AREs04
1 RHE04
1 RHE«HY

494
153

10
479
474
145
142

67

65
449
444
439
434
128
424
419

28
409
404
399
394

26
384
379
374
369
364
359
354
349
344
339
334
329
J24
319
314

304
299
294
289
284

43

90
269
264

254
249
244
239
233
29

i6

1
214
209
204
199
19
(L]
)

44

.88E+04
.88E+04
.88E+04
.88E+04
.88E+04
.88E+04
.88E+04
.RRE+04
.88E+04
.88E+04
. 88E+04
.88E+04
.88E+04
.88E+04
.88E+04
.88E+04
.88E+04
.88E+04
.B8E+04
.88E+04
.RAE+04
.RAE+04
.88E+04
.8BRE+(04
.88E+04
.88E+04
.RRE+(04
.RRE+04
.RRE+04
.RRE+(4
.RRE+04
.BRE+04
.B8E+04
.BBE+04

.

88E+04

.88E+04

B88E+04

.BRE+04
.BBE+04
.RBE+04
.BAE+04
.RHEE+04
.RRE+04
RRE«O4
LRRE+04
.RAE+(04

HAE+04

.RAE+04
.RRE+Q4

RUECO4
RHE+ Q4

CRRE+04
RUEe(4

4RE«04

HUE+O4
JRAELUE
.RAE+ U4

ARE+ 04

RUE 04

RAE+O4
HHE+ (4
LT AT |
A48
“nfefNg

ReJ)

493
488

70
473
144
141
138
453

64
130
438
433

61
423
124

408
403

27
118
388
383
378

3.
3.
3.
.88E+04
3.
3.
3.
.B88E+04
3.

3

3

3
3
3
3
3
3
3
3
3
3
3
3

3
3

3
3

3

3

3
3
3
3
3

i}
3

H
]

i,
5.
i,
3.
3

i,

4

$

i
H
$
t

38E+04
88E+04
B88E+04

88E+04
88BE+04
88E+04

88E+04

.88E+04
.88E+04
.88E+04
.88E+04
.88E+04
.R8E+04
.B8E+04
.8RE+04
.88E+04
.BRE+04
.RBE+04
.88E+04
3.
3.
3.
.8R8E+04
.ARE+04
3.
3.

88E+04
88E+04
28E+04

88E+04
RK8E+04

.RRE+04
.8RE+04
3.
,RBE+04
3.
.BBE«04
3.

$8E+04
RBE+ 04

8AE+04

,RRE+04
,BBE+04
L B8E+«04
.BAE+04
,88E+04
3.
.RBE+04
.BRE+04
3.
3.
3.
3.
3.
3.
3

HAE+Q4

BRE+(4
8RE+04
RAE+04
RAE+(04
BRE«04
RRE+ 04
ARE 04
HHE 04
RHE«U4
LLVATVE ]
REE N4
ARE«)Y
RRE«(4
REE(:4
RAE e
WM 4
RHEend
LT CNY |
AHEs )4
Wit 4
L X IRHY

492
487
150

69
472
467
462

66
134
447
442
437
432
427
422
123
412
407
402

57
392
387
382
3717
372
367
362
357
112
110
342
337
332

322
317
312
307
302
237
292
287
282
277

Y
- f

267
262

252
247
242
237

a4

e
227

&1t
212
207
RV N
122
11
104

R +
Ve

3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.88E+04
3.B8E+04
3.R8E+04
3.8BE+04
3.88E+04
3.8RE+04
3.RBE+04
3. RAE+«04
1.RBE+04
3. BRE+04
3 . RBE+04
3.RBE«04
1.88E.04
3. RABE+04
3.88E+04
3. RRE+ 4
J.RAE«04
}.RARE«04
3. ARE«D4
). RHE+04
1. HRE«04
3.HRE+ 04
3 HRE« (4
1. ARE«04
J HBE«Gd
3 ARE04
5 YRE«04
b RREW 04
toMdBed




91 3.88E+04 88 3.38E+04 526 3.88E+04 525 3.88E+04 87 3.88E+04

86 3.88E+04 85 3.88E+04 80 3.88E+04 79 3.88E+04 78 3.8B8E+04

77 3.88E+04 74 3.88E+04 514 3.88E+04 513 3.8BE+04 73 3.88E+04

72 3.88E+04 71 3.88E+04 60 3.88E+04 58 3.88E+04 56 3.88E+04

498 3.88E+04 496 3.88E+04 491 3.88E+04 489 3.88E+04 484 3.8B8E+04
483 3.88E+04 482 3.88E+04 481 3.88E+04 478 3.88E+04 477 3.88E+04
54 3.88E+04 S0 3.88E+04 49 3.88E+04 466 3.88E+04 464 3.88E+04

463 3.88E+04 48 3.88E+04 459 3.88E+04 458 3.88E+04 457 3.88E+04
455 3,.88E+04 454 3.88E+04 452 3.88BE+04 451 3.88E+04 448 3.88E+04
445 3.88E+04 443 3.88E+04 441 3.88E+04 429 3.88E+04 428 3.88E+04
425 3.88E+04 421 3.88E+04 418 3.88E+04 417 3.88E+04 414 3.88E+04
413 3.88E+04 398 3.88E+04 47 3.88E+04 393 3.88E+04 390 3.88E+04
389 3.88E+04 386 3.88E+04 385 3.88E+04 361 3.88E+04 352 3.88E+04
350 3.88E+04 347 3.88E+04 345 3.88E+04 343 3.8BE+04 340 3.88E+04
336 3.88E+04 335 3.88E+04 333 3.88E+04 330 3.88E+04 327 3.88E+04
325 3.B8E+04 46 3.88E+04 45 3.88E+04 42 3.88E+04 41 3.B8E+04
286 3.88E+04 285 3.88E+04 280 3.88E+04 279 3.88E+04 278 3.88E+04
276 3.88E+04 274 3.88E+04 273 3.88E+04 40 3.88E+04 39 3.88E+04
14 3.88E+04 9 3.88E+04 232 3.88E+04 231 3.88E+04 226 3.88E+04

225 3.88E+04 224 3.88E+04 222 3.88E+04 220 3.8BE+04 219 3.RBE+04
188 3.88E+04 187 3.8BE+04 176 3.88E+04 175 3.88E+04 152 3.88E+04
151 3.88E+04 148 3.88E+Q04 147 3.88E+04 140 3.88E+04 139 3.88E+04
137 3.88E+04 135 3.88E+04 132 3.8BE+04 131 3.88E+04 129 3.8BE+04
127 3.88E+04 515 3.88E+04 32 3.88E+04 461 3.88E+04 548 3.88E+04
547 3.88E+04 528 31.88E+04 527 3.88E+04 31 3.86E+04 34 3.88E+04
502 3.88E+04 501 3.8BE+04 540 3.88E+04 539 3.88B+04 33 3.88E+04
469 3.88E+04 516 3.8BE+04 4 3.88E+04 3 3.88E+04 6 3.88E+04
1 3.88E+04 S03-6.ROE+03 506-6.8B0BE+03 543-6.80E+03 %46-6.80E+03

504-6,80E+03
545-6.80E+03
533-6.80E+03
$522-6.80E+03

505-6.80E+03
$44-6.80E+03
532-6.RJE+03
521-6.80E+0)

259-6.R0E+03
256-6.80E+03
$531-6.80E+03
520-6.80R+03

258-6.80E+03
3111-6.80E+03
310-6.80E+03
519-6.80E+03

257-6.80E+03
534-6.80E+03
309-6.80E+03
308-6.80E+0)

529-6.11E+0) 550-6.11FE+03 549-6.11E+03 530-6.11E+03 541-6.11E+03
542-6.11E+03 6517-6.11E+03 518-6.11E+03 2 2.44E-01 470 2.44E-01
458 2.44E-01 397 2.44E-01 30 2.44E-01 29 2.44E-01 5 2.44E-01

-1 0.00E+00 0 0.00E+00 0 0.00E+00 0 0.00E+00 0 0.00BE+00

LATEST command ct MODE set >> exit

C.11 Electron Trajectories
NASCAP/GEO codes were used to do the calculations shown in Section 5.6,
Termtalk Execution—Dbirect Effects of Charging

Termtalk was used 10 determine the surface cell number of the cell with the detector.
The surface normal and position limit commands of subset were used to locate the cell.

CHOOSE ANY MODULE

HELP IS ALWAYS AVAILABLE TYPE ‘HELP:
ssuboet
DEFINITION OF NE¥ SUBSET NANED GA

487 REMAINING IN GPOUIP

SUBSET INSTRUCTION PLEAGE »

aormel 1 0 0

112 PEMAINING IN RO

UBSET INSTRUSTL N PLEASE

tJ
x
to




>ylim -4 to -3
14 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
»>zlim 0 to 1
1 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>which
MEMBERS OF GROUP SA
402 0 G 0 0 0 4] 0 0 0
1 REMAINING IN GROUP
SUBSET INSTRUCTION PLEASE ?
>done
REMAINING MEMBER IS # 402
THIS SUBSET HAS 1 MEMBERS
IT WILL NOT BE CATALOGUED
RETURNING TO MODULE ‘MAIN'
CHOOSE ANY MODULFR
HELP IS ALWAYS AVAILABLE - TYPE 'HELP'
>single
" SINGLE COMMAND OR MODE SET ?
>402
SURFACE CELL NO. 402
CENTERED AT 1.0 «3.5 0.9
MATERIAL 18 KAPI
POTENTIAL =z-6.510E+02 VOLTS
SINCGLE COMMAND OR MODE SET ?
>‘li§

Nascap Standard Input—Direct Effects of Charging

Nascap was then used to determine the trajeciories of clectrons normally incident on
surface cell 402. The trajectories ane shown in Figure S8. The standard input to Nascap
follows,

rdopt 8
Aslta 60.
longtimestep
acyc 20
og 2
as )
mmesh 0.437
m" ‘ .1 -.3
suniat 1.
ond

dastect
iewll 402
embxgy 180
dek 10
theta 0
phi 0
asty 1300
a1
wpl
el 3
finalv 1000
a0
prflux
plpart

ond

2R3




detact
icell 402
energy 1000
dek 10
theta 0
phi 0
nstp 1300
ne 1
np 1
nmd 1
finalv 10000
n 10
prflux
plpazt

end
end

Chapter § also shows trajectories for the same spacecraft with all of the surfaces at
-651. the surface poteatial of the surface with the detector. The trajectories were created
by Nascap with the following standard input file.

zdopt §
delta §0.
longtimnstep
ncye 20
g 3
oz 33
usesh 0.4%7
sundir 1 .1 -.2
sunint 1.
end
ipa 8
pcond 1 =633
end
detect
icell €02
energy 100
dak 16
theta O
phi O
sty 1300
o
wil
ol 1
tinalv 1080
a1l
prflus
’ plpast
- ol
datact
fceil €02
easrey 1080
dek 10
thete ¢
phi 0 '
maty 13680
oo 1
[ 3}
el 1
fimalv 10080
n 10




prflux
plpazxt

BE

ke




Appendix D
Discharge Equivalent Circuit Response

The equivalent circuit for the discharge test circuit given in Figure 63 of Chapter 6 1s
shown in Figure 71.

Adjustable Circuit Parameters

' Adjustable charging voltage
R Charging resistor
| C Drive capacitor
| I Added irductance tor wave shaping
R Added revintance for wave shaping
C, Capacitive coupling between pulse sencrator amd test object
1. Nominal inductance of test object
R, Nominal resistance of test object
: C, Capacitance hetween lest object and pulse penerator ground
oo Body current of test object which is charging current foe €
; R, Resistance of return line to ground

' \ Spark gup

For direct drive, C and CC are removed from cireant

Frgare 71 General capicitine discharpe inpe ion nwekel
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Note that the entire circuit has been reduced to a charged capacitor being discharged
into a series R”, L", (and C_, for capacitive coupling) which are respectively the sum of
the individual elements shown in Figure 63. The basic equation for the current flowing on
this circuit as a function of time is:

2 4

l(l)=—,—"\—/#2—- exp(-now,t)sinho, ( —l)”' (60)
(n-1)" R
R 172 A2

q:-z-(C/L) =1/2(t,/1,) . (61)
w,=(L'C)"* =1/2(1,11,)"", (62)
t,=2L'/R’, (63)
1,=2RC . (64)

R is the sum of all resistances (except for R ), L” the sum of all inductances, and C the
charging capacitor in Figure 71.

For capacitive coupling, the circuit becomes a series R, L, C circuit and the appropriate
equations for the load current are;

()=V,C(w,/w)exp(-t/1,) cosh(mt+w,/w)-1;' sinh(ot+0,/®)  (65)

where
.ﬁ> I(overdamping), . (66)
or
(1)=C,V,exp(-t/T)(t/T,). (67)
where
RaLC,, = (critical damping), (6R)
or
I(t)=V,C,, (0, /o)exp(-t /1, )[wcos(ot +0, /o)~ sin{at + 0, /o). (69)
where

”
\\q

< | (under damped) . (70)

&



In each case

o,=(Lc,)". (71)
. R
® Im‘, - Wl (72)
7= ZRL (73)
and

© =2/1,. - (714)

The effective capacitance C, is
C,=C'+C'+C. (75)

The effective resistance R’ is equal (o the sum of all the series resistances, while the
effective inductance L~ is equal to the sum of all the series inductances.




Glossary

ABORC
Arbitrary Body of Revolution Code.

Absolute charging

The development of a potential of the spacecraft frame relative to the surrounding
space plasma.

Anomaly

An unexpected event, usually undesirable. Anomalies range from phantom commands
to instrument failure.

Aurora

The precipitation of charged particles in the auroral region that is often connected with
geomagnetic substorm activity.

Auroral region

An oval band around each geomagnetic pole, ranging from 75 degrees magnetic
latitude at local noon to about 67 degrees magnetic latitude at midnight, in which auroral
activity is generally most intense. It widens to both higher and lower latitudes during the
expansion phase of a magnetic substorm.

Backscattered ¢lectrons

An electron reflected from a material surface with a substantial fraction of its incident
cnergy.

Blow-off discharge

A blow-off discharge is a vacuum discharge characterized by the ejection of current
(blow-oft of charge) into space surrounding an electrode.
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Capacitive direct injection

Capacitive direct injection is a method of inducing a space vehicle response that
simulates that response to a blow-off discharge. The method involves injecting current
pulses at a given location on the space vehicle through a capacitor formed by a
conducting plate near the space vehicle conductive surfaces at the injection location. The
capacitive plate coupler allows the current to be distributed over a large area simulating
the return of blow-off currents.

Debye length

A distance that indicates the sphere of influence of a charged object in a thermal
plasma. It is given by the expression A, = V’Z‘."O/hc where n is the density of the plasma
and 0 is the temperature.

Differential charging

The change in the potential of one part of the spacecraft with respect to another part of
the spacecraft.

DMSP

Defense Metcorological Satellite Program. Some of the DMSP spacecraft have carried
particle detectors that are able to measure charging events.

Direct injection excitation

Direct injection excitation is a global current injection method for simulating space
vehicle response to blow-off discharges. This method injects current pulses onto the
space vehicle over a given area. The injection is performed via a collection of wires that
fan out from a common connection at the injection drive point and to make direct contact
with the space vehicle over the area to be excited. The contact points that are uniformly
distributed over the excitation area are equal to the number of injection wires.

EMU
Extravehicular Mobility Unit—A space suit.

ESD

Electrostatic discharge refers to any breakdown from those produced when people
contact metal objects after crossing a wool rug to high voltage breakdowns. Here we are
only concerned with discharges due to the surface charging of spacecraft,

EVA
Extravehicular Activity — Astronauts in space suits outside the spaceeralt.
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EUV

Extreme ultraviolet. The portion of the electromagnetic spectrum from approximately
100A to 1000A in wavelength.

Faraday cage
An electromagnetically shielded enclosure.

Flash-over discharge

A flash-over discharge is a discharge characterized by a current path that travels along
a surface of the material (and sometimes around an edge) to close the path between the
electrodes.

Floating potential

The potential of an object in a plasma at which the incident electron current, emitted
electron currents, and the ion current to the object exactly balance. So no net current
flows to the object.

Geomagnetic coordinates

A system of spherical coordinates for Earth that is inclined about 11 degrees from
Earth’s rotational axis along the axis of Earth's approximately dipolar magnetic ficld.

Geosynchronous altitude

The altitude at which a spacecraft orbiting Earth has an orbital period of 23 hours and
56 minutes. This is approximately 6.6 Earth radii from Earth’s center.

GEOS
A European Space Agency geostationary satellite.

GOES

Geostationary Operational Environmental Satellite. A series of geesynchronous
spacecraft designed to monitor weather and the near-Earth space environment operated
by NOAA (National Qceanic and Atmospheric Administration).

IEMCAP
Intrasystem Electromagnetic Compatibility Analysis Program,




Kp index

A world-wide, 3-hour, dimensionless, quasi-logarithmic index ranging from 0 to 9 that
provides a measure of the level of disturbance of the geomagnetic field.

Magnetosphere

The region of the upper atmosphere surrounding Earth that extends out for tens of
thousands of kilometers and is dominated by Earth’s magnetic field.

Matchg

MATerial CHarGing. A zero-dimensional computer code that computes the incident
currents and equilibrium surface potentials on a sphere coated with a specified material in
a specified environment. It is appropriate for evaluating charging in the laboratory tank
environment and at geosynchronous altitudes. It is distributed with the NASCAP/GEO
computer code.

MIP
Multibody Interactions in Plasma.

MLT
Magnetic local time.

NASCAP/GEO

NASA Charging An lyzcr Program for geosynchronous orbit. A set of computer codes
that models the charging of spacecraft surfaces in a geosynchronous plasma in three
dimensions. The NASCAP/GEO codes include Nascap, Termtalk, Contours, Matchg,
and PotColor. The codes allow for a 3-dimensional, finite element representation of a
spacecraft within a 16 x 16 x 32 grid. They use orbit-limited current collection algorithms
to compute the current incident to surfaces, including secondary clectron emission,
backscatter, and photocmission. Nascap calculates the 3-dimensional electric ficlds
around the object and includes their role in limiting the emission of low cnergy secondary
and photoelectrons.

NEC
Numerical Electromagnetic Code.

Orbit-limited current collection

Collection of current by a hiased probe from a surrounding plasma when the plasma
density is such that the potential hus a range larger than the largest tmpact parameter and
is sufficiently well behaved so that no argular momentum barriers exist.
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Paschen breakdown

A self-sustaining arc through a ncutral environment between two biased electrodes.
Electrons emitted from the cathode traversing the inter-clectrode region produce ion-
electron pairs at a rate determined by the collision ionization cross-section, neutral
density, and the applied electric field. The ions return to the cathode and cause additional
electrons to be emitted from the cathode.

Paschen region

The range of pressures at which Paschen discharges occur. At higher pressures, it takes
a higher field to accelerate an electron to ionization energy within a mean free path. At
low pressures rot cnough ionizations occur to sustain a chain reaction.

Plasmasphere

A region of cool (low energy), dense plasma surrounding Earth. It may be considered
an extension of the ionosphere,

Photoelectrons

Electrons emitted from a surface due to incident. short-wavelength, electromagnetic
radiation. ' :

POLAR

Potentials Of Large objects in the Auroral Region, A family of computer codes that
models the charging of spacecraft surfuces in an auroral environment in three dimensions.
The codes are vehicl, orient, nterak, shontl, and trmtik. The codes allow for a 3-
dimensional, finite element representation of a spacecraft. It can use either space-charge-
limited or orbit-limited current collection algorithms to compute the current incident to
surfaces. It includes secoadary electron emission. backscatter, and photoemission.

Punck-through discharge

A punch-through discharge is a discharge through the bulk of x diclectric material. The
current path is through the bulk of the material. with surfaces on opposite sides of the
diclectric acting as electrodes,

SCATHA

The Spacecraft Charging AT High Altitudes program. which included the satellite
known as SCATHA or P78-2, The SCATHA program was a joint Air Force/NASA
investigation whose objective was to provide the design criteria, materials, techniques,
test and analytical methods to ensure control of the absolute und differential charging of
spacecraft surfaces. The satelliwe was spin-stabilized and was in a ncar-geosynchronous,
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near-equatorial Earth orbit. It was launched in January 1979. It carried a variety of
instruments to measure surface potentials of different materials, discharge transients, and
the environment.

Secondary electrons

Low-energy electrons einitted from a surface from the collision of incident electrons or
ions with the surface. The ratio of secondary particles to incident particles can be greater
than unity.

SEMCAP

Specification and Electromagnetic Compatibility Program. Calculates the intrasystem
electromagnetic coupling within large systems.

Space-charge-limited current collection

Collection of current by a biased probe from a surrounding plasma when the plasma
density is such that the space charge of the attracted particles shiclds the attracting
potential and thus limits the range of the potential.

SPICE (and SPICE2 and ISPICE)

Computes the simultaneous solution of unlimited node circuit equations in either the
dme or frequency domain.

Stopping power
The rate of energy loss for an energetic particle passing through matter,

Substorm
A short term disturbance of Earth's magnetosphere lasting about | to 3 hours.

suchgr

SUrface CHarGeR. A zero-dimensional computer code that computes the incidemt
currents and equilibrium surface potentials on a sphere coated with a specificd materdal in
a specified environment. It is appropriate for evaluating charging in the auroral region. It
ix dixtributed with the POLAR package of computer codes,

Wake

The ion depleted region of plasma behind a spacecraft moving at a speed higher than
the ion thermal speed.
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